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BRAIN. 


PART IV., VOL. 33. 


Original Articles and Clinical Cases, 


ON THE RELATIONS BETWEEN CORRESPONDING POINTS 
OF THE TWO RETIN 


WHEN the normal man looks at any object, say, a candle, in the 
linary way, he perceives only one candle, although two optical 


ages are thrown upon his optic apparatus, one upon each retina, and 


nitiates a nervous process which, on being transmitted to the brain, 
ipable of producing a perception of the candle hardly distinguishable 
that induced by the duplicate processes of binocular vision. ‘This 


of “single \v n, n spite of the duplication of the nervous 


esses necessary for vision in all the peripheral parts of the optic 


pparatus, has commonly been explained by the assumption (made by 
Newton, Johanne \iiller, nd Aubert, wmNone other authorities) of a 
mmon cerebral centre for each pair of corresponding points; that is 
LV, it 1s supposed that tl fibres of the optic nerves which carry 
the brain the excitations initiated In any two corresponding points 
f the two retinw are connected in the brain with one organ (cell, path, 
centr n which the sensations are excited, so that when the two 
orresponding points of 1 retin ar hnultaneously stimulated this 
central organ is thrown into a state of excitation which is the common 
psvel ul re tit ( » Indep nt peripheral « tation 
Of recent vea | pointed out b veral authors that many 


mimon cerebral centre for corresponding points; yet it would seem 


| 
nat it is still 


\\ 


idely held For, although the problem of the conditions 


be des 


ignated) is not 
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ets of binocular \ n cannot be reconciled with this hypothesis of a 
f single vision (as it may, for brevity’s i iy 
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touched upon by several of the most recent text-books on the senses, 
and though the doctrine of the common centre is repudiated or only 
vaguely and doubtfully suggested in others, this old assumption con- 
tinues to appear in others; and it is necessarily imphed by Hering’s 
theory of the visual processes,’ which still continues to find favour among 
a large number of physiologists and psychologists. It seems worth 
while, therefore, first to array the evidences which, as it seems to me, 
render this doctrine of a common centre wholly untenable: secondly. ti 
indicate certain conclusions which must follow from its rejection; 


thirdly, to suggest a scheme of the anatomical and physiol 


) 


‘al 


relations of corresponding points which seems capable of accountin 


for most of the phenomena peculiar to binocular vision. The paper 


accordingly divides itself into three sections 


L. The Evidences of SEparate Cerebral Paths for Corre Sp nding P. 


(1) Any illuminated surface appears no brighter (or but very slighth 
brighter) in binocular than in monocular vision ; or, in other words. t] 


simultaneously equal stimulation of corresponding points e) 


sensation of no greater (or of but very slightly greater) intensity thai 
that evoked by similar stimulation of one of the points only. Now. 


corresponding points transmitted their excitations to a common centr 
the excitement of that centre, and the resulting sensation, should lx 
no less intense when two corresponding points simultaneously receiy 
a stimulus of a given intensity than when one of them receives a physic 
stimulus of twice that intensity 

2) Under certain conditions the stimulation of one of a pair of 


corresponding points not only adds nothing to the intensity of th 


sensation evoked by stimulation of its fellow, but actually diminishes 
it. This ettect (generally known as Fechner’s paradox) may mos 
easily be observed by looking at any brightly illuminated surface with 
one eve only and, after a few seconds, opening the other eve behind 
darkly smoked glass At the moment of opening the second eve the 
surface seems to become very distinctly less bright. Yet. if the doctrine 
ul ne 
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of a common centre were true, the feeble stimulation of the one area 
should add something, however little, to the intensity of the excitation 
of the common centre due to the stronger stimulation of the correspond- 
ing area. 

(3) If an after-image is formed in one eve, and allowed to die away 
while the eyes remain at rest and shielded from all light, it may 
venerally be revived several or many times by momentarily allowing 
a ditfused and faint light to reach the stimulated retina through the 
closed eyelid. The admission of a similar diffused stimulus to the 


ve may produce under favourable conditions a similar effect, but 


its influence is in this case very much feebler {3 


(4) On rapidly intermittent stimulation with light of given intensity, 
icker-point (the rate of succession of stimuli which just suffices to 
extinguish flicker) is the same, or very nearly the same, whether the 
stimuli fall on one retina only (or simultaneously on both) or alternately 
on corresponding areas of the two retin (/.e., are applied in such a way 
that, while the area of one retina is receiving the stimulus, its fellow 
receives no stimulus, but receives it in the succeeding moment, when the 
first is no longer under stimulation). Sherrington | 14) has obtained this 
result by a very refined procedure, and I have confirmed it with a number 
of subjects by means of a very simple procedure. In a dise of mill-board 
windows are cut in the way indicated in fig. 1. The distance a to b 
is made equal to the interocular interval. The dise is set in rotation 
before an illuminated surface, and the subject looks at the surface 
through the dise, taking up a position such that one eve receives the 
ravs from the surface through the outer pair of windows, the other 
through the inner pair. Flicker-point may then be conveniently deter- 


mined by keeping the rate of rotation of the dise constant and varying 
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the illumination of the surface by moving the lamp nearer to, or further 
from, it. It is then found to be the same (or only very slightly different) 
whether both eyes are stimulated alternately or one is covered. 

Now flicker, and the extinction of flicker, must be determined by 
processes in the cerebral centres (not improbably by the rate of succes- 
sion of discharges of neurokyme across the synapses of the visual tract) 

1}. If the corresponding points transmit their activities to a common 
centre, this centre must receive in a given time, when both eves are 
stimulated at a given rate, but alternately, twice as many stimuli as when 
one eye alone is stimulated at the same rate. And if flicker is extin- 
guished when the stimuli fall on one eye only at a given rate (say, thirty 
per second), then, when the two eyes are alternately stimulated, it 
should be extinguished by stimulation of each eve at half that rate 
(fifteen per second). But this, we see, is not the case: each eve 
requires to be stimulated thirty times per second 

(5) The following facts of binocular rivalry and fusion cannot be 
reconciled with the hypothesis of the common centre : 

(a) If two fields of slightly different texture and quality are com- 
bined binocularly, if, for example, one of them is marked by a slight flicker 
(Sherrington) | 14). the observer is able to distinguish the peculiarities of 
the two fields by selective attention ; and if the ditferences between them 
are made greater, one has no difficulty in directing the attention to the 
peculiarities of either field in turn. In the extremer instances of such 
differences (as when one uses a monocular microscope while keeping 
both eyes open) the one field may be wholly suppressed for conscious- 


ness; but every gradation between this total suppression of the oné 


tie ld and the full presence of both seems to be } sible. \ hen two 
plain fields of ditferent colour are projected upon corresponding areas of 
the two retin, one sees an alternation of the two colours with inter- 


vening periods of partial or complete fusion or blending of the 
of the two stimuli, which blending follows in the main the same rules 
as monocular colour mixture. This familiar fact of struggle or rivalry 
of the two colours is in itself difficult to reconcile with the hypothesis 
of a common centre; but a much greater difficulty is presented by the 
facts (c) that if the intrinsic muscles of one eye are paralysed with 
atropine during the experiment, an effort of accommodation causes thé 
predominance of the colour presented to the unparalysed eve | 5 

(d) that by a voluntary effort one can favour the predominance of 
either colour at will, even though the _ intrinsic muscles. ar 


paralysed | 5 
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(6) If one eye fixes for a few seconds or more a variegated field which 
moves constantly in one direction and is then directed upon a stationary 
surface, this appears for some little time to flow in the direction 
opposite to that of the former field. If, while one eye fixes the 
moving field, the direction of the motion is reversed every few seconds, 
and then after some minutes of such fixation the motion is maintained 
in one direction for a longer period, the illusory reversed motion is very 
much diminished in vividness and duration; it would seem that the 
physiological mechanism on which the illusory “ after-image”’ of 
motion depends is fatigued by the prolonged stimulation of alternating 
direction. But the production of the after-image of motion in the 
other eye is not appreciably affected. This fact implies that the 
mechanism on which the “‘after-image of motion” depends exists in 
duplicate, one for each eve. 

(7) If “single vision’ depended upon a conjunction of the central 
paths of corresponding points, we ought to find single vision strictly 
confined to corresponding points. But it is a well-known fact that 
disparate points may also subserve single vision so long as their dis- 
paration is small Every stereoscopic combination involves such single 
vision with disparate points, and the stereoscopic effect is dependent 
upon it Moreover, the degree of disparation compatible with single 
vision varies under practice and with slight changes of conditions, so 
that disparate images may be at one moment fused and at the next 
may fall apart and be seen as double images. 

(8) It seems to have been fully established that in certain cases of 
squint, binocular vision involving fusion of widely disparate images 
exists, an abnormal system of correspondence having been acquired 
through use. And it seems to have been established also that in some 
of these cases, after the cure of the squint by surgical operation, the 
patient sees for some time double images, although the optical retinal 
images fall upon the normally corresponding points ; and that these 


normal binocular vision, the normal system of 


vradually give place t 
correspondence becoming established by use and the abnormal system 
being broken up |1|, |12). This variability of the correspondence 
with practice is clearly difficult, if not impossible, to reconcile with the 
hypothesis of a common sensory centre for corresponding points. 


(9) Perhaps the strongest evidence against the “ common centre ”’ 


1 These facts have been observed by Mr. A. Wohlgemuth, and are reported in a paper 
shortly to be published in the rif Journal of Psyel I have to thank Mr. Wohlgemuth 
for his permission to mention them here, i 
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is afforded by the facts of functional blindness of one eye, whether occur- 
ring as a symptom of hysteria or induced by hypnotic suggestion. We 
seem compelled to believed that in such cases the sensory centre of the 
blind eye becomes functionally dissociated from the rest of the cerebrum 
or thrown into a state of paralysis (perhaps through a raising of its 
internal resistances), while that of the other eye continues to function 
normally ; and both suppositions are incompatible with the hypothesis 
of a “common centre.” 

(10) The hypothesis of a * common centre” is supported by no 
evidence, except what slight presumption in its favour is afforded by the 
facts that the fibres carrving up impulses from corresponding points 
go to the occipital cortex of the same hemisphere, and that their centres 
or paths within that cortex he so near together that when a lesion of 
this part of the cortex destroys the paths from one retina, the paths 
from the corresponding points of the other seldom escape injury. But 
it would seem that in some cases they do escape. Cases of hemuanopia 
due to lesion of the occipital cortex on one side have been reported, in 
which, while the hemianopia was complete for one eye, sinall areas of thi 
corresponding half of the other retina have retained their functions 
partially or completely {|15). It is clear that if these instances may be 
accepted as well established, they suffice to refute the doctrine of the 
* common centre.” 

(11) It seems that the owl, the frog, the chameleon, and other beasts 
of prey enjoy binocular vision in spite of the fact that in them the decus- 
ete | 
(12) Finally, the hypothesis of the ** common centre” is founded 


upon a radical misconception of the conditions of fusion of effects of 


sation of the fibres of the optic nerves at the chiasma is comp 


sensory stimuli. ‘This misconception is that the sensation evoked by 
the stimulation of any sensory point or nerve-fibre comes into existence 
as an isolated or detached fragment of psychical existence, and that such 
fragments become compounded to form a consciousness only in so far as 
there obtains some special ground or cause of such compounding in the 
form of a corresponding fusion of the nervous conditions of the several 
sensations. To make this assumption is to invert the true statement, 
which may be formulated in the following way. In so far as sensory 
stimuli affect consciousness, they produce partial modifications of the 
complex but unitary whole of consciousness; and, when several stimuli 
simultaneously affect consciousness, their effects in consciousness can 


only be discriminated or distinguished from one another in so far 


as there obtains some special ground of distinction. Such special 
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grounds are of two principal classes—namely, differences of quality and 
ditferences of local signature of the several sensory effects or sensations, 
as we commonly call them; and the power of distinguishing or holding 
apart sensation-elements by aid of either of these grounds of distinction 
depends largely upon previous practice in active discrimination. The 
truth of these statements may be best brought home to us by reflection 
upon those sensory experiences in which the influence of local signature 
is at a minimum or absent Thus we see clearly that in the province 
of auditory experience the discrimination of the sensation-elements that 


enter into a musical clane depends upon differences of their quality and 


upon previous practice and training in the diserimination of similar 
qualities. To the average untrained ear the tones of a clang are fused 

confused in one whole; but the discrimination may be facilitated 
by ditlerences « local signature In a similar way odours and tastes 


blend or fuse with a degree of intimacy inversely proportional to their 


When, therefore, we find sensations of similar quality fused in a 


nianner that resists analysis r, to speak more strictly, where stimuh, 
which evoke similar sensation qualities when successively applied, are 
ipphed simulta is] nd conjointly produce a change in the sensory 
content of consclousnes n wl h the etfects of the two stimuli cannot 
be distinguished in any way from one another), we have not to seek any 
special hvsiologic Oroul this fusion of then elfects to a common 
i litant, su h ; 1 iu n I the two sen ry nerve-processes In some 
common cent! ch a fusion of effects in consciousness is the 
fundamental | nsoryv processes But, rather, when simultaneous 
timull ey nsat ot milar qualit which neverthel are 
listinguishable, then e to seek some sp il ground for the 
possibilit this scl nation It was bv considerations such a 
the that | is led to propound his celebrated doctrine of local 

If, now, we apply these nsiderations to the cases of the results 
f simultaneously stimulating pairs of corresponding and of disparate 


re explanation of which some physio- 


lovical ground must be sought is, not the fusion of ettects of stimuli 


ipplied to corresponding points, but rather the fact that stimuli of 
similar quality applied to any other two points (whether of one retina 
or in the two retinew respectively) produce etfects in consciousness that 


ushable. bor corresponding points are points that have 


identical local signature; the spatial meanings attaching to their 


distinctness of quality 
+) + ] + +] 
we 
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sensational effects are identical, and therefore there is no ground for 
their distinction, no possibility of holding them apart in consciousness. 
And if we further ask, Why is their local signature identical’? the 
best answer we can find seems to be—because the paths proceeding from 
any pair of corresponding points terminate in a common final path on 
the motor or efferent side; or, in other words, because the stimuli 
applied to any pair of corresponding points evoke the same motor 
tendency. 

The facts and considerations stated in the foregoing pages seem to 
me to warrant the confident rejection of the hypothesis of a common 
sensory centre for corresponding retinal points and the assertion that th 
cerebral processes through which the stimuli appled to corresponding 
points produce their effects in consciousness take place in parts of the 
brain anatomically separate and distinct. 

In another publication I propose to develop at length certain 
important implications of this conclusion (6 |, bearing upon the doctrine 
of psycho-physical parallelism, and here | wish only to insist upon its 


bearing upon the theories of the visual processes. 


II. The Bearing of the Conel isl il established n Sect I on The 


of the | isual Pr CESSES. 


The conclusion is strongly favourable to the Young-Helmholt 
theory, and wholly incompatible with Hering’s theory of the visual 
processes. The most fundamental difference between the two theories 
tion of the theories as those of the 


“ component ”’ and * opponent’ processes respectively. The component 


is that expressed by the designa 


theory, as usually understood and as formulated by Young and 
Helmholtz, imphes that the composition of effects of visual stimuli 
exists only in the psychical sphere, only for consciousness; that, for 
example, when complementary rays stimulate the same part of one 
retina, or corresponding areas ot the two retina respectively, the 
resulting achromatic sensation is the common eftect or resultant in 
consciousness of three physico-chemical processes occurring in three 


separate and distinct groups of cerebral el 


ments of specific constitution, 
which subserve the three primary qualities of visual sensation, red, 
green, and blue r¢ sp ctive ly. 

Hering’s theory of opponent processes, on the other hand, assumes 
that all the constituents of the mixed ray falling upon an area of one 


retina, or the two “complementary” rays falling upon corresponding 
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areas of the two retine and exciting achromatic sensation, act upon 
the same “visual substance” and produce in it a physico-chemical 
process which is the complex resultant of the several stimuli. Now 
the demonstration that “corresponding points”? do not propagate their 
excitations to any common centre is at the same time a demonstration 
that no such complex physico-chemical resultant of the complementary 
stimuli as is assumed by the “opponent” theory can be formed when 
they fall upon corresponding areas; or, in other words, it follows that 
the effect in consciousness of stimulating corresponding areas with 
complementary rays (namely, achromatic sensation) is the common 
resultant of separate and distinct cerebral processes initiated in the 
two retinw, and running their courses in anatomically distinct cerebral 
elements. \nd, if this is true in the case of achromatic sensation 
excited by complementary stimuli falling upon corresponding points, it 
is in the highest degree probable that it is true also of the achromatic 
sensation excited by complementary stimuli falling upon an area of 
one retina; for it can hardly be supposed that binocular colour mixture 
depends upon conditions radically different from those of monocular 
colour mixture 

If, then, the separateness of the cerebral paths or centres ol 
corresponding points is established by the evidences reviewed above, it 
follows that the fundamental conceptions of Hering’s theory of opponent 
visual processes are untenable. 

These plain implications of the facts of binocular vision have been 
so completely overlooked, and my brief indication of them in a former 
publication | 4 has been so completely ignored, that it seems worth 
while to present the argument in another and simpler fashion—namely, 


in relation to the problem of the nature of the vellow quality of 
sensation. 

A necessary feature of the “opponent theory” is the view that 
yellow is a simple quality of sensation dependent upon (or correlated 
with) a cerebral process of one specific kind; whereas the ** component 
theory regards vellow as the psychical resultant of two simultaneously 
occurring cerebral processes which, when they occur successively, evoke 
sensations of red and green qualities respectively. And the alleged 
psychological slmplicits ol vellow (1.e., the Impossibility of discovering 
n it unmistakable affinities to red and green, similar to the affinities to 
both red and blue that we discover in purple) is commonly claimed as 
one of the chief superiorities of the * opponent theory.” Now, when 


corresponding areas are simultaneously stimulated with “red” and 
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‘green rays respectively, the effect in consciousness is (except during 
periods of rivalry or alternation of red and green) the yellow quality. 
But it has been proved that the corresponding points have no “ common 
centre’; hence the vellow quality resulting from the binocular com- 
bination of red and green (or, more strictly, from the simultaneous 
stimulation of corresponding points with red and green rays respec- 
tively) is a psychical resultant of two separate cerebral processes, 


ww, in the common phraseology, is a compound quality of sensation 
Hence the proot ol the separateness ol the cerebral centres of corre 
sponding points is fatal to Hering’s theory of opponent visual pro- 
cesses, and is in harmony with, and strongly supports, the fundamental 


assumptions of, the component theory 


iii. The Anatomical and Physiological Relations of Cor espo) ling 


[t is, I think, possible to suggest a comparatively simple view of the 
anatomical and physiological relations of corre sponding points which 


shall be in harmony with all the facts of binocular vision and will 
afford explanations of many of them. 

by accepting the essentials of Lotze’s t 
signature of the visual sensations as originally propounded by hin 
namely, the view that the local signature of the visual sensation excited 
by stimulation of any retinal point is bound up with, or is a function 
of, the motor tend ney excited by stimulation of that point: and that 
all points of the retinze stimulation of which evokes identical motor 
tendencies vield sensory effects of identical local signature. For my 
present purpose it is not necessary to enter into the obscure problem, 


onature 


How exactly does the motor tendeneyv subseryv local s 
Now, corresponding points have identical motor tendencies, so fal 


at least as concerns turning movements of the head and eves (with 


the partial exception of movements of convergence of the eve-balls 
and on this and other grounds we find good warrant for the assumption 
that the cerebral paths of any pair of corresponding points, although 
they remain separate throughout that part of them in which the 
qualities of sensation are determined, nevertheless converge in their 
distal or efferent parts upon a common motor path, the conjunction 
probably taking place in the subcortical region. 

The identity of motor tendency thus secured to corresponding 


points is the ground of singleness of binocular vision, or, in stricter 


language, the absence of any sufficient difference of the motor tendencies 


2 
4 
{ 
a Pins 
ee 
= 


THE RELATIONS BETWEEN POINTS OF THE TWO RETIN-E 351 


evoked by stimuli applied to two corresponding points renders the 
sensory effects of such stimuli spatially indistinguishable. 
If now we add to this well-founded assumption that the paths of 
corresponding points issue in a common final path on the motor side, 
second assumption, we have a sufficient anatomico-physiological 
scheme for the explanation of the facts of binocular vision. This 
ond assumption is that the cerebral path from every point of either 
tina is connected either directly or indirectly with the path from 
every other point of the same retina in the manner that determines 
reciprocal inhibition, and that the paths of corresponding points are 
connected in the same way, that the relation of reciprocal inhibition 
obtains between them also In my papers on the theory of the 
visual processes (3) 1 have shown how all the facts of light and 
vy explained by the 


hypothesis that the relation of reciprocal inhibition obtains between all 


——- 
Ny 
“i 
cl ns ot ret cerebral elements and is especially intimate between 
the members of each set of such elements subserving one of the 
primary qualities of visual sensation ; and in my notes on smoothly 
oraded contrast 7 nao have deseribed peculiarly Intense torm 
f contrast which is well explained by the hypothesis of inhibition by 
drainage set out in another paper (9), but which presents great 
ficulties for any other theory of nervous inhibition. My present 
egestion is, then, that the cerebral paths of corresponding points 


are connected together in their afferent parts in the way that all the 
paths from points of one retina are connected with one another 
namely, in the way that renders possible reciprocal inhibition — by 
drainage—as well as by convergence to a final common path at their 
efferent ends. ‘This scheme seems to me to account for the facts more 
adequately than one briefly indicated in a note published some years 
alo 10 

The scheme may be represented diagrammatically in the simplest 
possible manner by fig. 2. In this diagram the paths right and left 
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from two corresponding points must be regarded as existing in triplicate 
at least in their middle or cortical parts; the three parallel chains of 
retino-cerebral elements of each triplicate path containing elements of 
three specific constitutions that subserve the three primary qualities 
of colour sensation, red, green, and blue respectively. And the relation 
of reciprocal inhibition, indicated in the diagram by the lines crossing 
over from RK to L and from L to R, must be supposed to hold between 
all the chains of elements. 

The middle parts of the lines L and R are meant to represent the 
cortical parts of the sensory paths; it is probable that their afferent 
parts are connected more directly with the final common path Lh 
in the subcortical level as well as by the cortical paths, but it seems 
unnecessary and undesirable to complicate the diagram by introducing 
these lower-level paths. 

Let me now briefly indicate how this scheme of the connexions 
enables us to account for some of the principal facts of binocular vision. 
With the exception of the facts of binocular perception ol a pth, ol 
Which I say nothing in this paper, the facts of binocular vision may 
be brought under the following three heads: 

(1) The fact of “single vision” with corresponding points—this is 
accounted for by the identity of their final common paths; for this 
means identity of motor tendency and therefore of local signature, or, 
in other words, it means lack of all ground for local discrimination of 
the sensory effects produced by stimulation of corre sponding points. 

(2) The reciprocal re-enforcement of processes initiated  simul- 
taneously at corre sponding points this is accounted for by the con- 
vergence to a final common path of the paths of corresponding 
points; for (naming the paths of the corresponding points RK and L, 
and their final common path KR L) the stream of impulses from the 
one path KR, falling upon this final common path RK L, will lower its 
resistances and so facilitate the discharge through it of the excitation 
of L. 

(3) The facts of reciprocal inhibition—these are accounted for by 
the interconnexion of R and L in their afferent parts. 

In the normal case of equal stimulation of corresponding areas with 
rays of similar composition, both paths Rand L, in spite of their relation 
of reciprocal inhibition, function equally in virtue of their convergence 
to the final common path Rk L. In other cases of simultaneous and 
equal stimulation of paths in relation of reciprocal inhibition (as in_ the 


case of the reflex paths of antagonistic muscle groups) we commonly 
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observe an alternation of activity of the two paths. But we may 
suppose that in the case of the corresponding paths the reciprocal 


re-enforcement secured by the final common path RL prevents this 


alternation of activity of the paths R L and keeps both of them open 


throughout the period of stimulation, 
In applying the scheme to explain Fechner’s paradox, it is important 


to note that the paradoxical darkening of the field occurs only if the 


more intense stimulation of the one eye (say RK) is applied to it some 


econds before th 


less intense stimulus is applied to the corresponding 


trea of the other eye, L, and that the darkening is more marked and 


{ longer duration 


continued. Unde 


the less. stimulated 


nerease ol its synaptic resistances at and 


f the final commo 


f synapse ¢ ) clue 


the longer this preliminary stimulation of Ris 


these conditions, two factors co-operate to enable 


path L, to inhibit partially or completely the more 


ntensely stimulated path R—namely, (a) fatigue of the path R, causing 


(4) the open state 


n path RK L, or, in other words, the low resistance 


ith L 


the chara 1 or active state of the ) 
lation of R It may be objected that 7 F.. like 


raintained by stinu 
ind + hould have its resistance raised by fatigue: but this 
bjeetion I think, met by the consideration that lower-level sub- 
rtical napses such as 7/7 + seem less subject to fatigue than the 
oher level or « ( nay such as 7, and / 
In binocular « rivalry the rivalry is more vivid and fusion 
more ditticu t] e pure nd saturated are the two colours. 
hese faets n be fully accounted for by introducing a small com- 
tion of the re namely, by assuming that the corresponding 
hains of retino- ements subserving the same colour qualities 
vel it al the efferent part of the tract than those 
| rving se litferent qualit For the higher the level of 
‘+h convergenc more would the activities of the two converging 
ths 1 nf litate one another, and the more would their 
dency to recipr nf ement, due to their etterent convergence, 
redominate tendency to reciprocal inhibition due to their 
ifferent cross-conn ns Consider, then, the case of rivalry of red and 
reen When pure red and green rays fall on corresponding points, 


the tendency to reciprocal inhibition predominates, and vivid rivalry 
alternatine activity of the two tracts—is the rul But, when 
nixed rays are applied to corresponding points, in one of which the 


d, and in the other th 


ver the others, the 


green, component merely predominates a little 


tendency to reciprocal re-enforcement predominates 
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over reciprocal inhibition, as in the case of rays of similar composition, 
and the rule is simultaneous activity of the paths from both retine 
and consequent fusion of the effects in consciousness of the processes 
initiated in both eves, yielding a yellow of low saturation. 

Closely allied with the last question is that of monocular colow 
fusion and rivalry. I have shown in previous publications that mono- 
cular rivalry of colours may constantly be observed under favourable 


conditions, of which the most important are intense stimulation and 


absence of re-enforcement by activity of the ocular muscles |3 The 
question arises, if the paths of the one retina subserving two ditferent 


colour-qualities, say red and green, are in the relation of reciprocal 
inhibition, as is implied by the phenomena of monocular colour-rivalh 
why does fusion of their effects In consciousness occur so easily and 


generally, while, on similar stimulation of corresponding points, fusion 


is difficult, and rivalry or alternation the rule? I think the answer to 


this question must be that the paths of different colour-function arisin 


from any one point of one retina have a strict V identi ‘al tinal common 


path, whereas corresponding points of the two retine have onl 
partially identical final paths; for the final common path and the 
motor tendency of each retinal point must be conceived not as simple 


but as complex ; and those of corresponding points must differ so far as 


convergent movements of the eves are concerned, though they are 
identical in respect to all other ocular movements \nd the completely 


identical final common path may be expected to secure more efficient 


reciprocal re-enforcement than is effected by one only partially identical 


\ll the phenomena classed together under the head of predominance 


of contours in the struggle of the two visual fields may be explained 


as due to the reciprocal re-enforcement of corresponding points. Con 
sider, as a typical simple instance of predominance of contours, the casé 


in which a large white ground fills the whole field of the right eve, whik 
au white stripe on a black ground runs across the middle of the field of 
the left eve. In the binocular field the white stripe presented in the 


left eve appears upon the white field of the right eve, sharply bounded 


by dark lines which shade off into the full brightness of the field ; that 


is to say, the white field of the right eye is inhibited along the borders 


of the combined tield (see fic. a] 
Or consider the case in which the white field of the right eve is 

evenly bright, while the similar white field of the left eye contains 

black lines. ‘he black lines appear as such in the binocular tield—c.¢ 


the white field of the right eve is completely inhibited in those parts 


which correspond with the dark lines of the left field. 
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These and all other instances of predominance of contours may be 
veneralized in the statement that the parts of the binocular field that 
we bright to both eyes predominate over and inhibit partially or com- 
pletely the parts that are bright to one eve only. ‘This general fact is 
fully accounted for by the scheme ; the parts of the field bright to both 
ves stimulate corresponding points whose cerebral paths re-enforce 
ne another, while the parts of the field dark to one eye receive no such 
e-enforcement from the other eye, and are therefore inhibited by the 

-enforced parts of the same tield. Or to take as a concrete illustration 
case described above of a white field to right eye and a white stripe 
n black ground to the left eve (fig. 3): the retino-cerebral paths of 


right eye corresponding to those stimulated in the left eye by the 


hite stripe are re-enforced by the activity of these corresponding 
paths of the left eve which play upon the same final common paths, 
nd therefore they are enabled to inhibit completely the activity of thi 
7 
j 
RL nh | 
iUl mmediately adjoming theth, ana te completely those of remote 
its of the right retina; hence in the combined tield the black borders 
the white stripe shading off into full, or almost full, brightness of the 
rest of the mono ir field 


This inhibitory effect of the combined field on the parts which are 


bright to the one eve only is instructively displayed if the white field 


f{ the right eve is combined with a white field of the left eve containing 
it its centre a black cirel If this circle is small the corresponding 
part of the right field is completely inhibited, and the circle appears 
fully black in the combined field But if the black circle of the left 


field is made larger by successive steps, a point is soon reached at which 
only its peripheral part appears black in the combined field, while its 
central part appears a dull grey ; and the larger the circle is made the 
brighter becomes this central part of the circle in the combined field, 
This is, of course, an illustration of the rule that border contrast is 
tronger than ground contrast, a rule which may be stated in terms of 
mv inhibitory theory of contrast, as follows: the inhibitory tendency re- 
ciprocally exerted by any two cerebro-retinal paths is strongest between 
the paths of neighbouring retinal points, and is weaker in proportion t 
the remoteness of the two retinal points from one another. 


rg 
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Another case of binocular combination akin to the last is to my 
mind of peculiar interest, because it seems to afford strong evidence of 
the truth of the hypothesis of inhibition by drainage, as well as of the 
scheme of relations of corresponding points suggested above. If a 
full white field is presented to the right eye, and to the left eve a field 
consisting of a black ground with a small dull grey circle at its centre, 
Fechner’s paradoxical effect is not obtained, but rather in the combined 
field the area of the circle appears brighter than any part of the 
monocular white field, and is surrounded by a dark zone in which the 
monocular field is inhibited. In this case, then, the activitv of the 
paths of the left retina stimulated by the grey circle re-enforces 
the corresponding paths of the right eye and enables them to inhibit 
the paths of the most closely adjoining points of the right retina. But 
the point of special interest is the excess of brightness of the combined 
field over all parts of the monocular field If the cirele of the left 
field be made of an intermediate brightness—/.e., distinctly less bright 
than the field of the right eve, but still of fair brightness—this excess 
of brightness of the binocular part of the field over the monocular may 
be very considerable. 

Now we have seen that when both fields are made equally and 
evenly bright, the binocular field is either no brighter than the monocular 
field, or its excess of brightness over the monocular field is very slight. 
opinions being divided on the question whether it is at all brighter 
than the monocular field. If we neglect this questionable (in any case 
very slight) excess of brightness of the binocular over the monocular 
field, we may say that th brightness of the binocular tield is no create) 
than that of the brighter monocular component: or, in other words, 
there is no psychical summation of the intensities of the mon 
fields. Yet in the special case we are now considering the brightness 


f the binocular part of the field appears greater than that of th 


monocular parts: although all parts of the right retina are equally 
stimulated, and the stimulus to the small area of the left eve is of less 
intensitv. We are, | submit, compelled to believe that the excitation 


of the paths of the central part of the right retina corresponding to th 
stimulated part of the left retina is somehow intensified by the simul- 
taneous feebler excitation of that part of the left retina; and this resul 
is fully accounted for by the principles laid down above in the following 
wav: The excitation of the central area of the left retina facilitates the 


excitation or passage of the current through the corresponding paths 


~ 
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of the right retina by playing upon their final common paths and so 
diminishing their resistance; this facilitation, however, would not in 
itself intensify the process in the cortical section of the corresponding 
paths of the right retina; but it enables these paths of the right retina 
to inhibit the equally stimulated paths of the surrounding parts of the 


same retina (as we see from the darkening of this surrounding area 
in the binocular field) ; and, since this inhibition is effected by drainage 
of neurokyme from those surrounding paths to the facilitated paths, 
the latter will transmit in each unit of time a larger quantity of 
neurokyme than they transmit under similar stimulation, but without 
facilitation from the corresponding paths of the left retina. The 
excess of neurokyme thus drained from the paths of surrounding areas 
ind transmitted by the facilitated paths of the right retina is, then, the 
cause of the intensification of the brightness of the binocular part of 
the tield I can imagine no other way of explaining the phenomenon 
described, and 1 therefore regard it as affording strong support to the 
on by drainage as well as to the scheme of con- 
nexions of corresponding points suggested in this paper. 

One other phenomenon of binocular vision seems deserving of 
mention here. Sherrington | 14) has shown that, if two equal and corre- 
ponding parts of the two retina ar simultaneously stimulated, one 
by an intermittent stimulus, the other by a steady stimulus (or by one 

rapidly intermittent as to be equivalent to a continued stimulus) of 


} 


less, equal, or greater intensity, the flicker is damped, or, in other words, 
the flicker-point of the combined fields is lower than the flicker-point of 
the monocular field. 1 suggest that this damping of the flicker of the 
one field by continued stimulation of the corresponding area of the other 
retin may b the ettect of the facilitation of the discharg of the 
‘flickering path, by the continued stimulation of the final path 
common to the corresponding areas. I do not pretend to attach much 
nportance to this suggestion, in view of our ignorance of the cerebral 
conditions of flicker and its extinction ; my suggestion is based on the 
view of these conditions indicated by any observations on the effects of 

single momentary stimulation of the retinw | 4 That view is that 
Hicker depends upon the series of discharges across the cortical synapses 
induced by each momentary stimulus to the retina, and that extinction 
of flicker occurs When the retinal stimuli sueceed one another so rapidly 
that a fresh cortical discharge and a fresh pulse of sensation are forced 
at so brief an interval that the intensity of its predecessor has not 
yerceptibly declined. I showed in the paper referred to that the pulses 
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of sensation of lower intensity are of longer duration (flat-topped as it 
were) ; hence the flicker-point 1s lower in proportion as the intensity of 
the stimuli is lower. I suggest, then, that the facilitation or re-enforce- 
ment of the “ flickering” paths by continued stimulation of the corre- 
sponding paths enables its cortical discharges to succeed one another 
more rapidly, or, without diminishing their intensity, gives them a longer 
duration or more “ flat-topped” character. But these suggestions are 
so speculative that I will not attempt to work them out in detail. I 
merely throw them out for those readers who are interested in the 
problems of flicker. 
Summary. 

In the first section of this paper it is shown that the old doctrine of 
a ‘‘common cerebral centre” for corresponding points is wholly unten- 
able, and that the paths of corresponding points are anatomically distinct 
in those central parts whose processes directly affect consciousness. 

It was then shown that the secure establishment of this conclusion 
is necessarily fatal to Hering’s theory of opponent visual processes. 

A scheme of the relations of corresponding points was then suggested, 
according to which their paths are connected on the afferent side (like 
all the retino-cerebral paths of each retina) in the way which permits 
of reciprocal inhibition by drainage, and also at their efferent ends in a 
way which secures reciprocal re-enforcement. It was shown that many 
of the peculiar phenomena of binocular vision could be explained in 
terms of this scheme. 
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THE PATHOLOGY OF PAPILLG&DEMA 
A HisronogicaL Stupy or Sixty Eyes. 
BY LESLIE PATON, M.B., F.R.C.S., AND GORDON HOLMES, M.D 


From the Pathological Laboratory of the National Hospital for the 


Paraly ed ai d Lipileptic, Square.) 


OUR primary ain in the investigation on which the following paper 
s based has been to study the histological changes which the presence 
of an intracramial tumour may produce in the retina, dise and optic 
nerve. ‘The principal type of change is that which has been known as 
optic neuritis, choked dise (Clifford Allbutt’s translation of Stanungs- 
papille), or papilleedema. We have sought to determine, as far as 
possible, the essential nature of this condition. During the past ten 
vears it has fallen to the lot of one of us to examine ophthalmoscopically 
eves of nearly 700 cases of cerebral tumour in the wards of the 
National Hospital for the Paralysed and Epileptic, Queen Square, and 
n the present paper we attempt to interpret the various ophthalmo- 

‘opic features of papilloedema due to tumour of the brain, in terms 
f the histological changes we have found. 

All the eves examined were, with one exception, seen ophthalmo- 
scopically by one or other of us during life; many were under 
observation for considerable periods before death, and full notes of 
the fundus changes were made from week to week. We have, in 
addition. examined several eyes from conditions where similar or allied 
changes in the dise or retina occur, and one section of our paper is 
devoted to their consideration In the concluding portion we discuss 
the bearing of the histological changes which we describe on the 
arguments for and against the different hypotheses that have been 
advanced to explain the pathogenesis of papillaedema, and present the 
view that appears to us most in consonance with the facts 


The material used in the investigation has been, with the exception 


of one eye, obtained from cases in the National Hospital; and we 
are indebted to our colleagues on the staff of the Hospital for the 
facilities we have had in pursuing this work. We have examined in 
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all sixty eves from thirty-nine cases. Fifty eves were from cases with 
tumour papilladema, and the other ten were from cases of meningitis, 
retrobulbar neuritis, pressure atrophy, albuminuric retinitis, and retinal 
vascular disease. We have had specimens from every stage of papill- 
wedema. In three cases we examined both eves in the stage of com- 
mencing neuritis ; in one of these the first signs had appeared only five 
days before death, and had reached a swelling of three dioptre s the day 
before death: in another case the first change in the dise was seen 
within ten days of death. The majority of our patients died while thi 
swelling was at its height. In three it had subsided into complete 
post-neuritic atrophy. In other cases, as a result of a decompressive 
cranial operation, the neuritis had subsided from different stages of its 
development ; and finally, we had one case in which the neuritis had 
subsided after removal of the tumour, but had reappeared with its 
recurrence, 

We have been fortunate in being able to remove many eves a short 
time after death: in some of our most lnportant cases they were 
obtained within two hours. This has enabled us to avoid the fallacies 
to which the examination of post-morte eves Is apt t ead The 
chief difficulty that meets any worker in this subject is, that the most 
important change, «edema, is liable to be influenced or modified, or, in 
the case of the nerve, even to be simulated, by the process of fixation 
It has only been by the comparative examination of large numbers of 
sections both of normal and pathological specimens, that we have been 
able to form a definite opinion as to the presence or absence of certain 
pathological changes 

The majority of the dises were cut horizontally and parallel to the 
course of the entering vessels, but in tive cases we cut them, along with 
the optic nerves, transversely in series, in order to determine the 
relative calibre of the vessels as they pass through the lamina cribrosa 
The nerve, where possible, was examined in several different portions 
of its course—behind the bulb, in front of the exit of the vessels, through 
their exit, behind this point, in the optic foramen, and finally, in a few 
cases, the intracranial portion. 


logy we used mainly hematoxylin, 


For the study of the general histo 
with Van Gieson’s stain or eosin, but for the elucidation of certain 
points we employed the methods of Cajal, Bielschowsky, Marchi, 
Weigert-Pal, Donaggio, Unna-Pappenheim, and others. The Cajal 
and Bielschowsky methods were especially useful in investigating thi 


nature of the changes in the nerve-tibres of the dise and retina 
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A. G2dema.—In specimens from any stage of papilleedema up to its 


full development, but before definite signs of atrophy or subsidence have 
ippeared, simple cedema is the one predominant feature. This shows 
tself by a separation of the elements of the normal tissues, both paren- 


hymatous and interstitial, by fluid which contains no cells and which 


has little tendeney to coagulate. The origin of this fluid we must leave 
for later discussion It is the presence of this cedema, unaccompanied 
n the great majority of cases bv any sign of intlammation either acute 
r chronic, which is the one unfailing histological change found in 
unour papilladema. In many cases if the cdematous fluid could be 


by any process removed, the tissues would to all appearance b normal. 
Indeed in one case of very early aedema the shrinkage which necessarily 


the tissues back 


esults in the process of fixation was sufficient to brin 


to a condition which it would be very difficult to deseribe as other than 


( tl nasal f th 
it ist Land folded. Central in 


It is in the disc that the edema produces most change. The fluid 
ving among the nerve-tibres and in the anterior lavers of the lamina 
ribrosa separates and stretches these elements until they seem to form 
nly a meshwork, in the interstices of which the fluid lies. The dise is 


thus increased in size in every diameter (fig. 1) The cdema appears 


rst among the anterior lavers of the lamina cribrosa, and the more peri- 
pheral bundles of nerve-tibres, and only later in the axial and inter- 
mediate bundles \s the disc swells lateralwards it displaces the retina, 


ither raising it up from the pigment layer, or throwing it Into a series 
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of folds which run concentric with the edge of the disc. This lateral 


bulging is in most cases due to the distension of the most peripheral 


Fic, 2 
Section stained by Cajal’s th to show course of nerve-f On t t sid 
course is only slightly disturbed ; on the left, tl peripheral | indle of t ( e is compressed 


till it reaches the level of the membrane of Bruch; beyond this it is distended to form t} 
main mass of the lateral bulge which raises the retina 


b 
F1 >. 
Part of fig. 1 under higher magnification. It shows the distort f the course of tl 
nerve-fibres which form the lateral bulge. At « some of the nerve-fibres are held back by 


vessels; 6 represents a ruptured membrane running from neighbourhood of 
limitans externa towards the membrane of Bruch 


nerve-fibres alone, so that in section the whole bulge may be composed 


of a single nerve-bundle. The normal course of these fibres is conse- 
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quently very much disturbed ; instead of curving gently forwards to the 
surface of the retina they turn outwards at an acute angle as soon as 
they pass the corner of the membrane of Bruch. Then they double on 


themselves, and finally curve upwards and outwards again to the surface, 
so that they take an S-shaped course (figs. 2 and 3). 

In raising the retina away from the pigment laver this lateral 
bulging of the dise occasionally ruptures a fine cellular membrane which 
seems to run from the membrana limitans externa to the neighbourhood 
of the upturne d end of the membrane of Bruch. This is probably the 
membrane which Verhoetf has described running from the membrana 
limitans externa to be reflected on to the surface of the membrane ot 
Brauch ; its cellular appearance is probably due to proliferative changes 
consequent on its stretching when it is ruptured. The displaced fibres 
are frequently also ruptured, and there is then generally a greater 

a 
Inter ve area of degenerated and varicose nerve- 
fibres: b.1 f } na; ¢, folding of retina. 
amount of subretinal exudate. Occasionally this membrane is stretched 
without rupturing, and under these circumstances, while the retina may 
be thrown into a number of folds its inner end is not raised from contact 
with the pigment layer 

As the swelling increases the axial bundles are lifted upwards and 
inwards so as to narrow the physiological pit, and the filling in of this 
is completed by the «dema which raises the inner limiting membrane 
from the central vessels. 

The course of the intermediate nerve-bundles is very little modified, 
and their fibres as a rule are much less separated by cedema than those 
of the peripheral or axial bundles. 

Occasionally it happens that the separation of the fibres of a bundle 
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is prevented in one part of its course by a band of the supporting tissue 
or by a vessel; when this happens to one of the peripheral bundles it 
adds a further complication to the distortion of its course (fig. 3). The 
ereatest swelling and increase in the breadth of the disc as a whole takes 
place along a line drawn at right angles to the course of its tibres from 
the concavity of the first curve of the S to the upslope near the crest of 
the swelling; and, as will be seen, it is along this line, and more especi- 
ally at either end, that the greatest changes, both degenerative and 
proliferative, are most prone to occur (fig. 4). 

In some cases it happens, even when the swelling is at its highest 
point, that the physiological pit remains clear and the swelling of the 
temporal side of the dise is only very slight. As seen with the ophthal- 
moscope there may be a difference of six or seven dioptres between the 
level of the dise in this portion and the highest point of the swelling. 
Histological examination shows that this is due to the development of 
a specially dense band of connective tissue in the lamina cribrosa that 
runs from the neighbourhood of the central vessels towards the outer 


edge of the dise fig. 5). 


So far we have dealt inainly with the effects of the a@dema on the 
nerve-fibres of the disc; the changes produced in the supporting tissues 
are just as profound. The posterior dense layers of the lamina cribrosa 


are unaltered in position, and their fibres little if at all separated in the 


] 


great majority of cases. They run as a compact band straight across, 
or with a slight convexity backwards; in one case, however, even the 
posterior fibres were separated a little by adema, and had become 
convex forwards. On the other hand, the anterior lave rs become more 


separated the further forwards we go, so that the most anterior fibres, 
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corresponding to the pars choroidalis, are carried out into the crest of 
the swelling, and so stretched and attenuated as to be barely recogniz- 
able (fig. 6). Occasionally the a@dema extends behind the level of the 
scleral angle down to the compact portion of the lamina, and separates 
the nerve-fibres here from one another; but owing to the resistance 
that the ring formed by the membrane of Bruch offers the fibres become 


again compact as they pass through it (fig. 7). 


To show the rupture of fibres in the lateral bulge; folding of the 


cytoids ; and raising of membrana limitans interna. 


The separation of the fibres of the nerve-tibre layer by «edema can be 
traced out for a short distance inall directions. In the majority of cases 
the cdema remains among the nerve-fibres, but in a few of the more 
severe cases the membrana limitans interna is raised into small vesicles, 
which contain exudate, and are traversed by the stretched or ruptured 
fibres of Miiller.. These vesicles are most frequently seen towards the 
outer edge of the swelling on the macular side (figs. 4 and &). They 
give rise to the appearance seen in cases of intense papillaedema of a 
fan-shaped figure of bright white dots with the apex of the fan pointing 
towards the macula. It is over the part of the retina in which the 
fibres constituting the papillo-macular bundle run that this fan lies, 
and it is probably because these have a short course, and consequently 
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a limited distensibility, that the exudate makes more room for itself by 
raising up the membrana limitans interna. 

Our observations thus bear out fully Marcus Gunn's hypothesis | 21 
as to the formation of the macular fan; it is produced by excess of fluid 
in the nerve-fibre layer which is forced into a fan formation by the 
anatomical arrangement of the nerve-fibres in the area affected. In 
an earlier paper by one of us |50} some clinical arguments in favour 
of this view were brought forward. The presence of a well-marked 
macular fan is not inconsistent with the retention of perfectly good 
vision; this argues strongly against it being due to degenerative changes. 
In cases which recover, the macular fan may disappear without leaving 

trace behind, which is comprehensible if, as we believe, it is du 
mply to beads of cedematous fluid raising up the membrana limitans 
Interna. 

Apart from the folding and displace ment the cede ma produces Col- 
paratively littlke change in the other layers of the retina; even when 
they are affected it is only in the immediate neighbourhood of the disc. 
The elements of the inner nuclear laver may be separated so that unde 
nification this appears to be made up of two layers divided by a 


clear space, but more usually there is only a little irregular spacing In 


its folded part. The outer molecular layer is often cedematous beyond 
the folds, but it never contains the large cavities filled with coagula that 
are so characteristic of albuminuric retinitis. The outer nuclear layer ts 
rare lv, if ever, affected 

A serous exudate free from cells generally lies in the folds of the 
retina, but the fact that we have had only post-mortem material 
available introduces a difficulty in dealing with this question of the 
subretinal exudate. Some of the eyes we examined were not removed 
till several hours after death, and the disintegration of the rods and 
cones had sometimes reached a fairly advanced stage, but when we 
managed to obtain an early autopsy these were generally well preserved. 
Unlike the cedema elsewhere this subretinal exudate tended to coagulate, 
but this may be simply the result of the presence of products of post- 
mortem disintegration or of subretinal extravasations. 

To summarize: The mechanical effects of cedema within the bulb 
are restricted to the disc and its immediate neighbourhood, and the 
retina is affected only by the swelling of the disc and the spread of 
fluid from it. 

It is more difficult to determine the presence or assert the absence 


of oedema in the extra-bulbar portion of the nerve. The comparatively 
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unyielding pial sheath and the partition of the nerve by strong con- 
nective tissue septa passing from the pla must prevent any great 
separation of the nerve-fascicles such as occurs in the disc. It is 
necessary, moreover, to exercise great care in discriminating between 
appearances that may be due to post-mortem shrinkage or to fixation, 
and those produced by adite-mortem pathological proce SSeS, and il has 


only been by the examination and comparison of a very large number 


of sections that we have been able to arrive at any definite conclusion 
as tothe distribution of aedema in the nerve. 

There is frequently a definite difference between the appearance 
f the vessel-bearing portion of the nerve and of that part of it behind 


the entrance of the central vessels; indeed, this marked ditference is 


a strong argument in favour of the pathological nature of the change 


found in the anterior portion Here in some cases in which the 
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papilladema is considerable there is a laver of a@dema immediately 


under the pia. It appears as a pale band made up of a meshwork of 


fine trabeculss containing a few elial nuclei. It is, in faet, the normal 


peripheral zone of neuroglia (Fuchs Gliamantel that is infiltrated bv 
the @dema (fig. 9). This band varies in size, sometimes being as broad 
as a normal nerve-tibre bundk The cedema is usually not present in 


the whole circumference of the nerve, or if so it may be more marked 


at one part than at another. There is occasionally «edema along the 


septa and round the axial strand containing the central vessels, but it 


is not as a rule so definite as in the subpial zone. 
The edema of the nerve diminishes rapidly at the entrance of the 


central vessels and usually disappears a little behind this point. We 
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were never able to detect any adema in the intracranial portion of 
the nerve. 

B. The vascular changes.—The vascular changes papillodema 
msist mainly in venous and capillary congestion. The arteries, at 
ist in the pre-atrophic staves, seem to be unatfected. The effects of 

this venous and capillary congestion are, like the adema, most obvious 
n the dise itself and in its immediate neighbourhood. The larger veins 
n the dise are dilated, usually full of blood, which often contains an 
excess of polymorphonuclear leucocytes. In the zone of the swollen 
disc which corresponds to the anterior layers of the lamina cribrosa 
there are numerous small dilated venules and capillaries, most numerous 
it a point just inside the lateral bulging of the nerve-fibres. Evidences 
f capillary and venous congestion mav be also seen in the retina, 
especially in the nerve-fibre layer, for a short distance from the dise 
nargin. Beyond the radius of the macular region there is usually 
e obvious chang: The central vein in its passage through the 
enser part of the lamina cribrosa shows no dilatation; its lumen is 
sinaller than in the looser tissues in front, but this seeming diminution 


is only relative, and is due to the fact that the more unyielding tissue 


of the lamina prevent its dilatation. In the looser tissues behind the 
uina it again dilates and as a rule remains dilated in the whole ol 
intraneural course It passes from the centre of the nerve towards 


the pia usually before the artery and often winds round the nerve under 
the pial sheath. In this part of its course its lumen is still generally 


} 
} 


well open, but after it has passed through the pia and is lying in the 
subarachnoid space its walls are collapsed and its lumen is simply a 
slit (figs. 10 and 11). Traced in serial sections it is found to remain 
n this condition in its passage through the subdural space and in the 
dura mater until it reaches the looser tissues in the outer part of the 
sheath. The numerous smaller veins and the capillaries in the pial 
heath and in the septa are also in a condition of congestion. 

A further evidence of vascular congestion is afforded by the hamor- 
rhages which may occur everywhere on the dise and in the retina in 
ts immediate neighbourhood. They are most frequent on the outer 
lopes of the swelling or just beyond it; only in very severe cases are 
they found at any great distance from it. They are seen most 


frequently as scattered red corpuscles lying along and amongst the 


nerve-fibres (striate haemorrhages). In specimens stained by Cajal’s 
method it can be seen that the nerve-ftibres generally remain normal, 


by the extravasated blood; but in and around 


ind are merely sep 


100 


larger hemorrhages they often present the degenerative changes dealt 
with later. 


Frequently the hemorrhages raise the membrana limitans interna 
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from the nerve-fibres, in one case to a height exceeding that of the 
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ole retina. 
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ion of the central vessels in the centre of the nerve 
in, showing vein fully distended. 


Section of the same vein in the 


subarachi 


These blot ha morrhage s resemble the @dema vesicles 


in that they are most frequent on the macular side of the dise, but they 


may occur anywhere on or around it. 
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Hremorrhages also occur in the outer molecular layer just beyond 
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folds. In the other retinal layers they are less frequent, 
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and when present are mostly due to extension from the nerve-fibre 
layer or outer molecular laver. A considerable number of red blood 
cells are commonly found in the subretinal exudate. 

While the hemorrhages are chiefly due to the venous congestion 
t is probable that another factor plays at least some part in their 
‘ausation. An abrupt fungiform swelling of five or six dioptres must 
cause great mechanical stretching of many of the smaller vessels, and 
onsequently produce a lability to rupture. The fact that the most 
frequent site of han orrhace is on or just bevond the downslope of the 
welling seems to indicate that this is at least a factor in producing 
the hemorrhages. 

The vascular changes that occur in the later stages of papilloedema 
we most obvious in the papilla. The capillaries and smaller vessels, 
which In the earliet stages are engorged, become occluded by endo- 
thelial proliferation (fig. 16). The adventitial sheath of the larger 
vessels becomes consid rably thickened and occasionally undergoes a 
form of hyaline degeneration. These vascular changes, which can be 
best interpreted as the results of an earlier congestion, extend down 
to the lamina cribrosa, but in the nerve behind this they are not so 
marked and may be absent 

There was no evidence of any general choroidal congestion: in a 
ew cnuses there was a slight congestion of the choroidal veins in the 
mmediate neighbourhood of the disc, probably due to their anastomosis 

th the engorged vessels in the anterior part of the lamina cribrosa. 

C. Inflammatory « hanges.—Various writers on papilloedema describe 
nflammatory changes as the essential and characteristic feature of the 
condition, while others have found no evidence of inflammation in the 
majority of the cases they have examined. This discrepancy must be 
evidently largely due to differences in the conception of what the term 
inflammation connotes; some definition is consequently necessary, or 
rather a statement of the histological changes that can be accepted as 
ndicative of 1t. 

The usual definition of inflammation is the reaction of irritated or 
lamaged tissues that still retain vitality. “The histological changes 
that constitute this reaction are an active engorgement of the vessels, 
in exudation of fluid into the attected tissue, an intiltration of leucocytes, 


‘combined with proliferation of certain fixed tissue cells, and invasion 


and multiplication of wandering cells. In inflammation of long standing 


r of low grade, one or more of these features nay be absent. 


In the nervous system, however, inflammation shows certain 
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peculiarities, as the structures of epiblastic origin—i.e., the functional! 
elements and the neuroglial supporting tissues—do not take an active 
part in the process, which is consequently limited, at first at least, to 
mesoblastic tissues, that is, the blood-vessels and the little connective 
tissue they carry with them from the leptomeninges. 

Not only is the constituent portion of the nervous system that is 
involved by inflammation thus very small, but there is also a remark- 
able independence of the epiblastic and mesoblastic portions in patho- 
logical processes, so much so that Nissl and others assume a hypothetica! 
Grenzmembran, ov frontier between them, through which a pathological] 
process does not re break. 

This relation explains the fact that in slighter inflammation th 
characteristic histological changes are entirely limited to the vessels and 
the connective tissue that surrounds them, and that only the destructive 
effects that accompany or result from it are visible in the nervous tissu 
itself. If, however, these destructive ch inves become more inte nse, the 
cellular infiltration that had been hitherto perivascular may break into 
the epiblastic tissue. On the other hand, the fluid exudate may, at an 


earlier stage, or in slighter degrees of affection, percolate the nervous 


tissue itself. ) 

Long-standing «wdema of any tissue, especially when it produces 
degenerative or destructive changes in the parenchyma by mechanical 
distension or nutritional disturbance, may lead to a thickening of the 
vessel walls and of the supporting matrix, and even slight cell intil- 
tration, which may be easily confused with an inflammatory process 
or a secondary inflammation of low grade may occur. Thus, even whet 
inflammatory changes are present, it must be decided whether th 
are primary or secondary. 

The chief change that we have observed in the nerve-head or retina 
in optic neuritis that can be interpreted as evidence of inflammation is 
a slight small round cell infiltration into the connective tissue sheat! 
of some of the vessels. This is always small in amount when it does 
occur, and is generally present around only one or two vessels in an 
disc. It is most commonly seen in the loose connective tissue around 
the first branching of the central vessels, but it occasionally extends 
some distance along one, or a few of the branches. We have also seen 
it in the adventitial sheaths of the vessels as they pass through the 
lamina cribrosa, but very rarely round the central vessels in the retro 
bulbar portion of the nerve. We did not find any trace of infiltratin 


cells in the septa of the nerve 
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These infiltrating cells, when present, lie in the sheath itself, appar- 
ently in the Virchow-Robin space; they are never actually perivas- 
cular. They are always of the small lymphocyte type, though we 
wcasionally saw cells with similar nuclei but surrounded by more 
‘vtoplasm in the loose and cedematous tissue around the central vessels. 
We never recognized any polymorphonuclear cells or detinite plasma 
ells among these lymphocytes. 

Though practically all ou optic discs were examined in almost 
erial sections, we never observed this cellular infiltration spread or break 
from the perivascular connective tissue into the parenchyma; and we 

ive nowhere found any cellular infiltration among the nerve-fibres, or 
lsewhere in the nerve or retina 

\s a rule there is no noteworthy proliferation of the fixed tissue 


{ +} 


adventitial sheath associated with the small round cell 


le 


nfiltration, but the fact that in the later stages of the neuritis, or 7) 


n dises in the state of consecutive atrophy, there is an increase of ™ 


perivascular connective tissue, makes it lmnperative to regard some of 


This small round cell infiltration was present in only a relatively 
inall proportion of our cases—in less than a quarter. Further, it was 
nd only in cases of relatively long standing, in which the papilladema 
id been intenst This, combined with the fact that when present 
was generally surprisingly local, and could be often seen around only 
ne or two small vessels in a dise, makes it impossible to assume that 
constituted the primary pathological process. On all these facts it 
ppears much mor prol ible that, even if accepted as evidence of 
nilammation, these locally restricted changes represent only a reaction 
f the tissues to the degenerative and destructive effects which result 
from some othe patholo ical process 
The only other histological changes we found that could be inter- 
ted as inflammatory were the vascular engorgement, the oedema, and 
degenerative changes in the nerve-fibres; these changes can _ be, 


ve: believe, more satisfactorily regarded as non-inflammatoryv in their 


Certain authors. as Liebrecht 35). Elschnie |15!, and Lawford and 
Mdmunds | 32), have described as an important pathogenic factor in optic 
neuritis a perineuritis of the nerve-stem, from which the inflammatory 
process invades the nerve and produces therein certain degenerative 

inges. This term can only mean a meningitis of the pial sheath, and 


this there was no trace in any of our cases, excepting in those of 


thes cells as bi blasts 
rivin 
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general meningitis in which the disease had spread into the optic sheath. 
The probable effect of such a perineuritis or meningitis on the optic 
nerve, if it did exist, can be best estimated by analogy with the changes 
a local or a general meningitis evokes elsewhere in the nervous system 
in the underlying tissue. And it is now generally recognized that a 
surprising feature of meningitis is the little change that may occur here, 
for as a rule the inflammatory cell infiltration does not break through 
the pia mater. If it extends inwards it is only along the vessel sheaths; 
and it produces at the most a superficial «edema of the brain, and 
frequently even this is absent or very slight. A meningitis that can 
produce it must be infinitely more intense than has been described or 
figured in the optic sheath by the authors who have postulated this as 
a causal factor of papillaedema. 

The fact that in some of our cases of meningitis, in which the 
inflammatory processes extended into the optic sheath, the ophthalmo- 
scopic and histological features of the dise changes were identical with 
those of tumour papilloedema, make it improbable that even in this small 
group the perineuritis which existed could have contributed to its 
pathogenesis. 

It appears to us that a strong argument against the views of thos 
who assume a “ descending inflammation” or an inflammatory peri- 
neuritis as a casual factor in papilleedema is the fact that acute and 
extensive inflammatory lesions may exist 1n the Optic nerves, as In a 
case we examined, and yet produce no trace of optic neuritis; in fact 
it is only rarely that retrobulbar neuritis produces any swelling of the 
nerve-head ; and then only when the inflammatory focus lies in th 
nerve near the bulb. 

We have had the opportunity of examining histologically such a cas 
of retrobulbar neuritis, which had been observed from its commencement 
by one of us. 

K. P., aged 35. In September, 1908, following an operation on the 
right turbinate bones, there was infection of the right sphenoidal sinus. 
Three days later she developed a large absolute central scotoma of the 
right eye, and the characteristic signs of retrobulbar neuritis. The dise 
and fundus presented no abnormal changes. Within two months there 
was a considerable recovery of the periphery of the field, but a small 
central scotoma remained; the disc had become pale, and its vessels 
small. In the beginning of February, 1909, she suddenly developed 
signs of an acute meningitis which led to a fatal termination five weeks 
later. To the end the right papilla showed no trace of swelling, but 
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only the features of a primary atrophy; but a definite papillaedema of 


the 


left dise developed. Post-mortem examination revealed a general 


pneumococeal meningitis, most intense on the base of the brain. 


Microscopical examination of the left eye showed an early papill- 


vwedema, while in the right eye, though there was an inflammatory lesion 


n the nerve ne 


ar the 


foramen and small round cells in the sheath, there 


was no trace of cwedema of the papilla, but only the histological features 


fa 


conelusion that the 
ol 


retrograde atrophy. 


By the careful study of our sections we are forced to the definite 


nflammatory 


sionally found 
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tological characters of papilleedema, no matter in 


lopment it may be examined, are not those of an 


The indications of inflammation that are occa- 


ise or prolonged papillaedema are such as only 


unption that if any true inflammation exists it is merely 


e that 
utsec 
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-S 


rbanee produced by the a@dema. Our material 


we can only assume that the authors (Leber | 33 


ymann | 10), Elsechnig, | 15 and 16) Lawford and 


who have deseribed papilloedema as an inflam- 


been misled by the histological appearances, and 


roliferated neuroglial and other nuclei for 


this glial proliferation be so misinterpreted its 


ir congestion and wdema may easily lead to the 


if an inflammation 


it Considerable attention has been almost 


nvariably paid by previous writers to the state of the nerve-sheath in 


and altterent pathological changes have been de scribed 


of these authors, we frequently found consider- 
| 


sheath, especially in that portion of it near the 


to the exit of the vessels and near the optic 


less distended ; consequently when the eye was carefully 
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mwever, 


the neu 


ore 


wesented the contour of a leek, gradually becom- 
bulb, but again suddenly constricted immediately 
ippily we have not detailed descriptions on this 


Ops\ for each eve, and we are therefore unable to 


eases nm which Various degrees ol this disten- 


leductions on it drawn from tixed and hardened 


o have no constant or close relation to the stage 


tis, and is as marked in some of the early cases 


at intensity The subarachnoid space is chiefly 


erroneous assumption 
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distended, and when the dilatation is great the arachnoid is pressed 
against the dura mater; some strands remain attached to the pia mater, 
while others are probably ruptured. Usually this space contains no 
visible substance, but occasionally a coagulated exudate is visible 
within it, as though its fluid were more highly albuminous than is the 
rule. (It may be mentioned in this connexion that when cerebrospinal 
fluid is cut off from the general cerebrospinal circulation, as it may b 
in the lower portion of the spinal theca by a tumour, it often becomes 
so highly albuminous that it may undergo spontaneous coagulation 
7 and 44)|.) In two cases there were small hemorrhages in the sheath 

We observed no noteworthy changes in the dura mater, but ther 
was frequently, especially in the more chronic cases, a considerabl 
proliferation of the endothelial cells of the arachnoid, and even a thicken- 
ing of its fibrille. There was, however, never sufticient 1 
contracture to threaten compression of the nerve 

In attempting to interpret the nature and origin of this change it 
must be remembered that even in normal specimens the development 
of the arachnoid varies considerably. The thickening is certainly 1 
inflammatory, at least, it was not associated mn any stave with ny 
evidence of inflammation. The cellulai prot feration is e probal ly 
a result of the distension of and stasis in the sheath, and the consequent 


nutritive disturbance \ similar thickening of the arachnoid is often 


seen over the spinal cord unassociated with intlamma chang 

The pia mater usually presents no pathological changes, excepting 
the «wdema of its inner lave Which has been already dealt wit] Sn 
round cell infiltration was present in only one of the cases of tum 
papillaedema we examined, and here there was only one small ] 


infiltrating cells. No other definite evidences of inflammation were 
present in any of these cases. 


In three cases of meningitis with papillodema, one tubercular and 


two purulent, some of the characteristic infiltrating cells were present in 


the subarachnoid space of the nerve-sheath ; in the tubercular case they 
were chiefly small mononuclear, large mononuclear, and large hyalin 
cells ; in the purulent specimens polymorphonuclear cells In fact. the 
meningeal change had extended to the optic sheath Despite this, ther 


was verv little evidence of inflammatory changes within the nerve, 
though the subpial a@dema was marked. 

Degenerative changes.—TVhe chief degenerative changes of 
papilleedema are limited to the functional tissue of the dise and nerve, 
that is, the nerve-fibres, while in the supporting tissues only secondary 


changes of a reparatory or sclerotic nature occur 
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nerve-fibres can be naturally divided into the 


ns that result directly from the pathological process, 
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is more easily seen where they are separated from one another by the 
fluid exudate, as in the lateral bulging that displaces the retina. 

But as these nerve-fibres are naked axis cylinders, other methods ‘ 
are necessary to demonstrate accurately the changes they undergo ; 
we consequent] emploved the methods of Cajal and Bielschowsky in 
the examination of six eyes, and by their aid, and especially by Cajal’s 
method, it was easy to determine their exact nature. The swelling 
generally begins at one spot in a fibre, but there is often an irregular 
increase of its calibre over a certain length. It results from a_ local 
increase of the intertibrillar protoplasm which s¢ parates the fibrils from 
one another, as a rule in such a way that these seem to he in the 


periphery of the swollen fibre (fig. 15). 


; 
Fic. 13 
Preparation of nerve-fibres in disc, stained by Cajal’s method ve-fibr 
varicosities and terminating in bu s swellin ; 6, fully dev ped toid t end 


of vat se nerve 


As the swelling increases in diameter the neurotibrils becom 
disintegrated and disappear. From this stage these degenerative 
changes in the fibres develop rapidly, but in suitable preparations 
their evolution can be easily followed. As a rule, in a certain portion 
of the affected fibre the swelling increases and forms a spindle, con- 
tinuous at each of its poles with the nerve-tibre, but as it increases 
further in diameter and becomes more globular it frequently loses its 
visible continuity with it, or a rupture occurs at its central end, so 
that it remains for a time attached only to the distal portion of the 
fibre on which it has developed (tig. 14) Often, however, they ean hb 
seen lying isolated in the nerve-tibre layer as more or less homogeneous 
colloidal bodies. Kach contains, as a rule, at or near its centre, a cor 


with a relatively sharp margin resembling a nucleus, but distinguishabk 
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by its highly refractile appearance, its homogeneity, and its staining 
properties (fig. 15). In hematoxylin and Van Gieson preparations this 


core takes a brownish-violet tint, with Unna-Pappenheim’s pyronin- 


inethyl green mixture a bright pink, and with the reduced silver stains 
of Cajal and Bielschowsky a homogeneous black. None of the methods 
we employed revealed any structure within it. In shape, too, this core 
s often quite dissimilar from a nucleus; for instance, we have seen 
one extend into both, or lie between two, bulbar enlargements on a 
tibre, and occasionally one appears as an elongated cylindrical structure. 
Fic. 14. 
ned | method nerve-tibre 
The body is often somewhat rarefied or finely granular immediately 
wound the core; in ordinary hematoxylin or aniline stained sections 
the rest is usually homogeneous, but in preparations in which the 
neurotibrils are stained it often appears finely granular, as if it 
‘contains the detritus of the disintegrated fibrils, and occasionally a j 
trace of meshwork appearance is seen as though the neurofibrils had : 
not completely broken up. A 
These structures are evide ntly the so-called cytoid bodies” fre- 
quently described in the retina in pathological conditions, especially in 
buminuric retinitis, vascular lesions, and in the neighbourhood of 
local injuries. They have been carefully studied in the latter condition, 
espe cially by Tepljase hin 60 and Parsons |48!|. We compared those 
that occur in the two former states with those we found in papillaedema, 
and were unable to detect any essential difference between them. They 
have been previously described in papilladema by several writers. 
They are most [re que ntly seen near the apex of the swelling, or in the 
lateral bulge of the papilla, but can be found in practically every part 
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of the disc; in very few cases, however, are they situated near the 
main mass of the lamina cribrosa, or behind the level of the choroidal 
angle, and in papilloedema they rarely lie far beyond the margin of the 
disc. They occur only among the nerve-fibres, and never in the 
nerve behind the lamina cribrosa. 

We have devoted a considerable space to the description of these 
bodies, as it is unquestionably they that have been recently described 
as macrophages |27|, though they have been generally regarded as 
degenerated nerve-tibres, or Sehnervenfasern (ef. 
figs. 15 and 17). 

Our observations confirm unequivocally the latter view, and so many 
ditferent arguments support it that it appears to us to be beyond doubt 


The danger of confusion can exist only when the fully developed cytoid 
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bodies are studied by inadequate methods, but though these may hav 
a superficial resemblance to cellular structures their cores have neithet 
the histological characters nor the staining properties of the nuclei 

any variety of cells that are found in the eye or in the nervous system 
in either normal or patholog eal cond 
only in the nerve-fibre layer is also strongly in favour of their origin 
from nerve-fibres. Further, as we have already deseribed, it is 
frequently easy to see in even ordinary preparations that in the early 
stages of their development at least they are continuous with nerve- 
fibres, and their relation to the fibres, and their mode of development 
from them, may be more definitely determined in dises treated with 
the specific axis-cylinder methods of Cajal and Bielschowsky. By both 


these methods the cytoid bodies take the same colour as the normal 
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ixis-cylinders, even when we cannot demonstrate their continuity 
th these 
Finally, we treated one eve by Donaggio’s method, by which only 
ecently degenerated tibres are stained, and the rest of the section 
mains colourless ; in this eve only the cytoid bodies were coloured. 
In another eve that had been fixed in Miiller’s fluid and stained by 
We ert-Pal’s method, the earlier eytoid bodies contained blue vranules, 
hile in those in the later stages of development the granules were a 
wnish-vellow 
These various arguments, we believe, leave no doubt that these 
illed eytoid bodies represent portions of degenerated nerve-tibres, 


nd are not macr phages, as they have been recently described, nor 


enerated leucocytes, as Litten |37 > and Greett | 22) believed. 


Cytoid bodies are rarely found in the later stages of papilluedema 
en it has subsided into atrophy Their disappearance can be 


lily observed in suitable preparations; they first become pale and 


»bular, and in such a dise treated by Marchi’s method coarse and 


oular fat globules re found within the clumps, and even within 

evtoids mis | they evidently undergo a tatty or lipoid 

ratio reach a certain stage of deve lop nt, as Parsons 

tlready show) It appears probable, though we cannot make the 

tement with certaint that the | disappear by undergoing this 

I t} nerve-fibre ind iltimate develop 

cyt bod I t Was the nam devenerative 

mnge we observed in the disc \s its nerve-fibres are naked axis- 


Mian met t naturi revealed no chanve bevond the 


| ( 1 bod 
| | f d neration must be briefly 
nsidered The e evidently three possible pathoger factors : the 
t Str nad tension 1 the nerve-tibre ibjecte | 
e to th displ ment by the «demas: secondly, it mav be due to 
hibition by the tibres of the aedematous fluid in which they lie: and 
nally. it mat sult from. the itritive and circulatory disturbances, 

it result direct from the @dema 

It is not possible to exclude the latter two factors, but certain ob- 


ons make it very probable that the stretching of the fibres owing 
their displacement has a very important influence. In the first place, 
swe have alread) deseribed, this varicose deveneration of the tibres 


ecurs most Commo ily where these are subje cted to the ereatest tension, 
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i.¢.,0n the surface of the dise and in its lateral bulging; but a mor 
important observation which we could repeatedly make was the fact that 
where a bundle of fibres was held back by, and consequently bent at an 
angle over, a vessel or a band of supporting tissue, these portions of the 
fibres, and most frequently that lying on the central side of the obstruc- 
tion, presented this change (fig. 16). This was generally so remarkably 
local that there can be no doubt that the pressure and the stretching of 
the unsupported portions of the fibres was an important factor in its 


causation. On the other hand, this form of degeneration may be found 


in places, as in the centre of the dise or immediately in front of the 
lamina cribrosa, Where the nerve-tibres cannot iY sul jected to much 
local tension. The frequent occurrence of cytoid bodies in the neighbour- 
hood of haemorrhages, by which the tibres had been probably damaged, 
and as we have been able to observe in other cases, in the neighbour 
hood of vascular occlusions, and in albuminuric retinitis, makes it 
impossible to assume that such local stretching is always the main caus 
of the degeneration; it would probably be more correctly regarded as a 
predisposing factor. 

The neuroglial elements of the disc and retina do not suffer degener- 


|. 
4) 
: 
ig: ) 
> 
_ & 
8 
e 
Cs 
= 
A, 4 a. 
‘a3 ae (Drawing.) Shows a bundle of nerve-fibres held together by smal a 
over it: development of varicositic nd cytoid dies entral s t t 
1 
Shows al endotl il prolif t f s} 
; 


T 


ve changes; bu 
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On treating the retrobulbar portion of the 
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cells with pale or granular 


neuroglial 
cedematous areas of the 


optic nerve by Marchi’s 


ethod, as we did in a few cases, two distinct types of change were found. 


inged along thy 


COULSE ( 


e first was represented by fatty globules stained black by this method 


I the fibres : this evide nee ol se condary 


Wallerian degeneration was very uncommon, as might be expected, 


proportion of the tibres can be interrupted 


it the most only a small 
their course. The second type was represented by fine granules, 
ten dark brown instead of black, scattered diffusely throughout the 
ss-section of the nerve, and not arranged in chains along the course 
{ the tibres. Elsewhere in the central nervous system this appearance 
taken as an indication of a primary diffuse degenerative change in the 
velin sheaths due to toxic or nutritive causes, and it seems to us most 
bable that it was of this nature in the optic nerve also, and that it 
sulted from tl nutritive circulatory disturbances. In the latter 
es of papillaedem e were able to demonstrate a degeneration o1 
f bundles of fibres in the nerve by Weigert’s method The 
ted bun lles venerally ip | crescentic area on one side of the 
rve, and it was often possible to trace the continuity of these atrophied 
with those 1 ved in the lateral bula 
No prominent degenerative changes could be observed in the retina 
ring the acute stages of papilleedema, though there might be a local 
tructior r cel n elements of any layer by hemorrhages or by the 
ns the e subjected to by the folding or swelling of the retina 
r tne pay Ila In ! ind the site of such a haemorrhage large 
nflated cells, ch « ent! ct as scavengers or macrophages, could 
be observed (fig. 17 \s the greater part of our material was obtained 
me | s after deat t is difficult to make a positive statement on 
e affection or escape of the rods and cones, but in freshly obtained 
terial we « ild detect no detinite evidence of degeneration of them. 
In the stage rophy the ganglion cells are considerably dim- 
nished in number, and those that remained are often shrunken in size 
ve have not, however, observed any acute degeneration of these, and 
mt appeara conclude they have merely undergone the 
mdary atrophy whicl ipervenes in the cells of central nervous 
tem when the tibres that spring from them degenerate 
F. Scelerot changes \n optic dise in the state of atrophy con- 
utive to a papilleedema is characterized by general shrinkage and 
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a diminution in the number of its nerve-fibres, combined with a pro- 
liferation of neuroglial nuclei, and an increase of the neuroglial fibrils 
that form its matrix. In addition, there is generally an increase ol 


the connective tissue that surrounds the vessels. 


The development of these changes can be followed from the time 
in which there IS yet considerable swelling ol the papilla Then 


earliest evidence is a_ proliferation of the neuroglial nuclei, visible 
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rst, as a rule, near the apex of the swelling around the central pit. 
his neuroglial proliferation coincides with the diminution of the 


lema and soon gives rise to a prominent mass of nuclei in this region 


v.18). The nuclear proliferation apparently occurs by direct division, 
1 these nuclei are distinguishable from the normal neuroghal nuclei 
\ f this region only by their slightly greater size, and by the coarser 
olmMatin granules they contain It is followed bv an increase of 


neuroghal matrix, the fibrille of which are definitely coarser than 


we 


\bout the same time, or later, a similar proliferation of the 

e1 and fibrillar elements of the neuroglha can be seen in the lateral 
rtion of the dise among the distorted nerve-tibres that displace the 
tina. Here it generally occurs first in and around some of the 
nds of supporting tissue that are drawn outwards, and often there 
ults an islet of selerotic tissue that lies in or on the inner side of 
oF, At a somewhat late) stave, as 
e cedema subside s, this neurog! il sclerosis spreads over the rest ol 

dis it first becomes apparent by the increase of the nuclear 
lumns that lie between the bundles of fibres after these have passed 
iw@h the lamina cribrosa (fig. 19). 


\s it becomes general throughout the dise this neuroglial sclerosis 


= } 
39. 
Advanced post urit stron) , 
i Ww nN eur i 


416 ORIGINAL ARTICLES AND CLINICAL CASES 


rapidly leads to shrinkage, at least in cases in which there has been 
considerable oedema and destructive change. A noteworthy result of 
this shrinkage is that, by it, the retina that had been displaced outwards 
by the @dema is again drawn in, and occasionally in much atrophied 
dises bevond its normal limit. This shrinkage probably produces a 
degeneration or rather an atrophy of nerve-tibres that have hitherto 
escaped damage ; at least, there can be no doubt that the diminution 
in the number of fibres in the stage of atrophy is always much 
greater than that which we have ever seen in a dise in which the wdema 
and consequently the destructive processes are subsiding, but in which 


sclerosis had not vet become pronounced. 


The neuroglial sclerosis in the stage of atrophy leads to a note- 


worthy change in the histological appearance of the disc, as it obliterates 


the normal striate appearance of vertical sections, which is due to the 
course of the nerve-fibres or of their bundles parallel to one anothe: 
This coarse neuroglial sclerosis generally extends only a short dis- 


tance from the disc into the nerve-tibre laver of the retin 
As we have had the opportunity of examining eyes in which the 


papilkeedema was relieved by a cranial decompression and /iad subsided 


without serious deterioration of vision ensuing, their histological 


appearances may be contrasted with those in which secondary atrophy 
had supervened. In a few of these cases, though intense papillaedema 


had existed, the histology of the disc and retina was_ practically 


indistinguishable from the normal; in other cases the only noteworthy 
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} viation from the normal was the existence of a slight sclerosis in 


ie regions of the disc in which the sclerosis as a rule commences 
o, 18). 

From its character, as well as its mode of development, there can 
no doubt that the neuroglial sclerosis of the atrophying papilla is 


wely secondary to the damage produced directly by the cdema, and 


( » the mechanical and nutritive disturbances it occasions. 
The main part played by the mesoblastic tissues in the sclerosis of 
n atrophying disc is a thickening of the outer sheaths of the vessels ; 
new connective tissue is laid down elsewhere in the dise. <A 
nsiderable thickening of the main mass of the lamina cribrosa is 
ften apparent in the later stages of papillaedema, and especially in 
tvanced atrophy (fig. 20 
The degeneration or atrophy of bundles of nerve-fibres in the optic 
erve in the later stages of papilladema is followed by a characteristic 
ondary neuroglial sclerosis, with an increase of both the nucleai 
i fibrillar elements, within and around them It is generally 
companied by a thickening of the connective tissue septa of the 
rve; this, like the neuroglial sclerosis, is purely secondary to the 
legeneration, and we never obtained any evidence that it was preceded 
or resulted from an inflammator\ process. 
TumMo PAPILLUEDEMA 
The careful examination of the material at our disposal permits 
to express a definite opinion on the nature of optic neuritis. 
The essential change, as we have described, is an «edema that 
eparates the nerve-fibres in the dise and its neighbourhood, but rarely 
.des the retina; it produces the swelling and the other characteristic 
phthalmoscopic features. The hemorrhages that occur are partly due 
' to the stretching and rupture of the small capillaries that are involved 


n the swelling, and partly to the associated venous engorgement. 

On the other hand, in the great majority of our cases there was no 
idence of any inflammatory process in the papilla or in the optic 
erve, and in those in which there was a slight round cell perivascular 
nfiltration this was evidently a secondary process 

Further, the degenerative and atrophic changes that occur in the 
rve-fibres and ganglion cells can be best explained as secondary to 

the oedema. 

We therefore conclude that ** optic neuritis,” or ‘ choked discs,” as 
occurs in association with conditions of increased intracranial pressure, 


s in its essential nature an «wdema 


j 
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THE CORRELATION OF THE OPHTHALMOSCOPIC APPEARANCES 
THE HIsTroLoGICcCAL CHANGES. 


As with one exception the fifty eves we examined were observed 
ophthalmoscopically during life, and many of them repeatedly, we can 
With some assurance attempt to correlate the ophthalmoscopic features 
of papilleedema with their underlying histological changes 

The hyperemia of the discs in the early stages is evidently due t 
congestion of the smaller veins and capillaries in the disc itself and ir 
the anterior lavers of the lamina cribrosa. The blurring of the edges 
of the disc and their subsequent obscuration, as well as the burving « 
the vessels in part of their course, is partly a result of the increased 


depth of the tissue, and partly due to the dispersion of light by the 


cedematous fluid in the tissue, Just as opacity of the lens is produced 
by separation of its tibres by drops of thuid The tortuosity of the ven 
is mainly due to their congestion, but the swelline displaces the vessel 


ina plane vertical to the retina and so increases the ipparent Wavines 


of their course 


The fine grevish-white striate appearance ol the dise and the 
neighbouring retina, especially along the vessels above and b { 
disc, is due to a separation of the nerve-tibres by cedema 

The striate or Hame-shape 1 hemorrhages are thos th | nh tine 
nerve-fibre layer and spread along the tibres; while the conspicuou 
‘blot haemorrhages ~ that occur, especially on the slope of the swell 
lie under the membrana limitans interna and separate it from 
nerve-tibre laver. The less conspicuous rounded hemorrhages lie in 
the deep r retinal lavers, especia lv in the outer m cular lave 


The soft white patches of irregular shape on and in the neighbow 
hood of the disc, and the white stippling of the disc, are produced by 
the swelling of the nerve-fibres, the formation of evtoid bodies, and 
their fatty and other degeneration products 

The grevish-white lines that run concentric with the outer edge of 
the disc are obviously due to the retinal folds, their presence bein 
occasionally accentuated by hemorrhages lying within them 

In severe cases the retina on the macular side of the dise is swollen 
and erevish, owing to its wdema 

Occasionally the ditterence in level between the retina on the inne) 


and the outer sides of the macula may amoun 


faint greyish striation radiating from the macula that may be seen in 


these cases is due to the edematous separation of the nerve-ftibres, while 


] 


the macular fan of bright white discrete spots that often develops 
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due to the superficial vesicles which are formed by the raising of the 
embrana limitans interna from the nerve-fibre layer. As we have 
en, the distribution of these is determined by the short course of 
macular fibres and their anatomical arrangement. As the papill- 
edema subsides the macular fan may disappear and leave not a trace 
ehind. 
The opaque white appearance of the atrophic disc is produced by 
e diminution of the vascular engorgement, the occlusion of the 
uller vessels, and the glial and connective tissue sclerosis. The 
rinking of the sclerosing tissues pulls back the retina into position, 
id the only sign of its displacement left may be some disturbance of 
pigment round the dise. The white lines along the larger veins in 


neighbourhood of the disc are due to the thickening of their walls, 


1 the diminution in thx e of the arteries is brought about bv their 

npression 1n the el 1 tissues 

CoMPARISON OF TUMO APILLCEDEMA WITH THE PATHOLOGICAL 
CHANGES IN SIMILAR OR ALLIED CONDITIONS. 


1) Meningitis We have examined the papille and optic nerves 
three cases of meningitis (one tubercular and two septic), in which 
re were the ophthalmoscopic appearances of papilladema. We have 
t included these cases among those of tumour papillaedema, as the 
il infective and inflammatory process might be possibly an additional 
factor in the pathogenesis of the condition, or might modify the 
tracteristic histological changes and thus give rise to confusion. 
There was. however, no essential or even visible difference between the 
stological changes in these cases and in those of tumour papilloedema, 
nd in them there was as little evidence of inflammatory changes in the 
papilla as in the latter group kiven though the meningeal infiltration 
‘tended to the optic sheath there was no inflammation of the enclosed 
nerve; this, indeed, might be expected, as even in the superficial layers 
f- the cerebral cortex remarkably little change, apart from cedema, 
results from meningitis, unless the latter be very intense. 
We can therefore conclude that the papilleedema that occurs 
with meningitis veed not be inflammatory in origin, but may be 


dep ndent, like tumour papillodema, on the increase of intracranial 


(2 detrobulbar neuritis. Detinite oedema and swelling of the papilla 


pressure. 
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and other signs analogous to those of tumour papilloed ma 


in retrobulbar neuritis, but probably only when the | 


bulb. Unfortunately we have not had the opportun 


such an eye, but we have studied for com) son an ¢ 
condition existed without primary papilla chang 

This cas n which the retrobulbar 1 t 
extension from the sphenoidal sinus, | be re 
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An attection of the retina was the most prominent hist 
in all three eves. 

In two of these eyes in the nerve-fibre laver there wer 
swollen and degenerated fibres, many over a dise-breadth in 
often so close together as to be almost continuous: in n 
was swollen to double its normal thickness. The ure 
up of varicose nerve-fibres and cytoid bodies in various s 
ment, and often contained fatty or calcareous degenerati 


S 


Way 


igh 
= 
a sion hes near the 
‘ 
nm wh » thi 
LILIS 
pre 
nil 
{ 
i 
‘ 
pat | 
Was 
> wert made 
level 
( adevelop- 
on products, 
j 


Intern 
er to 
| 
‘ 
( 


OF 


mn their 


PAPILLGE MA 


1] 


hemorrhages. 


surtace, 


ration products 1] 


only 


Is C¢l ( 
even Lhe Inne}! 
ii) 
il 
t 
T) 
+ 
tel 
‘ 
( 
Wore | 


lbrosa Was not s 
Ss Was ( hsequel 
-bundl n fron 


12] 


The membrana 


of 


ad disappeared 


ha 
ery fibre 
had often a 
| inne 
( aid 
Cl 
fit ere 
ll en 
ii 
Cu 
ly 
nt 
! ( 
rst 
ell 
nd 
\\ < 
! nad tine 
| ined 
hole 
nd 
ted so much 
+] 
rened, the 
hole Was 
ip laa inges 
edema The 
reat, and the 
thy only slight. 
of the lamina 


folded, and the 


ind in some cases the traces of older I yy 
titans Was usually raised and in scam 
t torn root! | which \ by the fibre ot 
\ } he 
} 
| 
} 
l 
| 
| 
promt 
Lie T re 
In t \ tne aise \ wollen the 
bulow forward f its anterior laver 
welling ma the nerve 
ribrosa The retina on either side was very Inuch 


422 ORIGINAL ARTICLES AND CLINICAL CASES 


space under the folds was filled with exudate. The walls of the vessels 
in the nerve were thickened, and either the central artery or a large 
branch was thrombosed. This thrombosed vessel could be traced from 
outside the nerve-sheath into the centre of the nerve. The veneral 
retinal changes were similar, but the patches of swollen nerve-fibres and 
cytoid bodies were much smaller and more scattered. 

The results of our examination of these cases support the view 
that the retinal changes in Bright’s disease are due to the direct 
action of the toxins on the walls of the vessels, and especially on the 
capillaries. The fact that the outer molecular layer, in which Miillet 
originally showed that the terminal anastomosis of the capillaries occurs, 
was the most severely affected is a strong point in favour of this 
hypothesis. 

(4) Arteriosclerosis.—In the course of our investigation into th 
nature of the changes in the nerve-tibre layer, we had occasion to 
cut sections of two eyes in which there was marked retinal arterial 
degeneration. 

In the one case, though there were marked silver wire arteries, 
there was no evidence of complete blockage in any of them. On 
section the arteries showed intimal proliferation with thickening of 
the media. There was no pathological change in the disc itself, but 
along the thickened vessels which stood out conspicuo 
retina there were patches of evtoid degeneration of the nerve-fibre 
laver. 

In the second case the upper artery was complet 
represented ophthalmoscopically by branching white streaks running 
into a large whitish area. There was marked sclerosis of all the othe: 
vessels, and numerous patches of oedema and degeneration in the retina, 
with a star-shaped figure at the macula. Practically the whole nerve- 
fibre layer in the area supplied by the thrombosed vessel was degenerated 
and thickened to at least three times the normal. The thickened areas 
contained cytoid bodies in all stages of formation with fatty and 
calcareous degenerative products. Over them the membrana limitans 
interna was raised by exudate, only remaining attached at a few 
spots. In other places it was normal in position. In the affected 
areas of the retina the outer molecular layer contained large vacuoles, 
many with shrunken coagula and others with remains of old hamor- 
rhages. The choroid underlying the affected area was very much 
thicker than normal, owing mainly to the great distension of its veins, 
while the only change in the arteries was a thickening of their walls. 
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This great choroidal distension was not present under the unaffected 
parts of the retina. 

These arteriosclerotic cases thus are quite closely allied to the 
Ubuminuric cases in their histological features, as they are ophthalmo- 
scopieally. 

From the histological description it will be seen that renal and 
rteriosclerotic retinitis differ in their most essential features from 
tumour papilloedema In the one class there is essentially a simple 
edema of the papilla, and the retina is involved only to a slight extent ; 


n the other the retina is obviously the part principally and most 


THE PATHOGENESIS OF PAPILLUZDEMA 


It is not our intention to review in detail all the hypotheses that 
have been brought forward from the time of von Graefe to explain 


}] 


the occurrence of papilladema in association with cerebral tumours. 
em are based on assumptions which further investigations 

ive proved to be far from justifiable ; others are inconsistent with the 
facts which histological examination reveals It is, however, essential 
to our purpose to refer brietly to some of the more Nuportant, and 


ation which seems to us most consis- 


tent with all the clinical and histological features of the condition. 


The hypotheses of previous writers may be conveniently divided 


\) Those that regard papilladema as an inflammatory process 
Leber |33), Gowers |18\, Lawford and Edmunds | 32), Deutschmann 
Elsehnig | 15), Szimemi | 59}, and others). 

») Those that assume that it 1s due to oedema propagated from 
the brain, in which it originally resulted from the presence of a tumour 
Parinaud 46), Uhirich (61), Sourdille |58), Kampherstein | 


that attribute the swelling of the dise to a 


disturbance of the vasomotor innervation of the retinal vessels (Hughlings 
Jackson |28), Benedict | 5), Adamkiewicz | and Loring | 38 
1) The mechanical theories that regard the rise in intracranial 
ie main tactor. 
a The onen al Schn dt-Rimple r | 54 theory of direct driving ol 
cerebrospinal fluid into the lamina cribrosa. 
That the dise chang s are due to compression ol the vessels as 


they pass through the lamina cribrosa or nerve (Manz | 59), and Cushing 
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J this venous engorgement must | due it is necessary to revi W t] 


ulation of the blood and lymph in the optic nerve and retina, ind th 


inciples that determine ind modify it Kor various reasons this 
must | approached from its physiological rather than from 
i 
histol cal } 
I retinal ned bv t centralis 
i ( he pay ind p in| 
ted anast with the 
th tl eral veins correspondin 
) 


CENTRAL VE/N 


ITS ANASTOMOS/S WITH 


ORBITAL VEINS 


to t ‘ yA ebel 4 behind the lamina the 
vel ! n thick connective 1 ie sheath in 
tie \ tance behind tl bulb it bends 

t toward 1 or ves here tributaries from the pial 
vein () ns round the nerve under the pial sheath and 

/ then | ! | me a ne in it it then crosses the peu of the 
sheath, unsupported, to reach the dura mater, which it penetrates more or 
less obliquel In the bit it usually jorns one of the ophthalmic veins, 

| venerally the | ( nd throuch them, or directly, enters the cavernous 
sinus Through them, too, it communicates with the facial vein and 

\ with the pterygoid plexus 
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The conditions under which the flow of blood takes place in the optic 
nerve are those which Leonard Hill | 25} has shown to exist in the 
intracranial circulation. This must be so, for, as Schwalbe |57| has 
shown, there is a free communication between the nerve-sheath and the 
cranial cavity, and unless this is blocked pressure must be transmitted 
from the one to the other by the cerebrospinal fluid 

The normal intracranial pressure is determined by the venous 
pressure, and in pathological conditions can never exceed it, else the 
veins would collapse owing to the little resistance their walls can offei 
to compression. Similarly the blood-pressure in the cranial sinuses 
must rise parallel with the rise of intracranial pressure; the cavernous 
sinus is no exception, for though it may not be readily compressible 
owing to the support it receives from the recess in which it lies and thi 
firm trabecule that traverse it, the pressure of blood within it must 
equal that of the petrosal sinuses into which it drains \n increase of 
the intracavernous pressure seems, however, to have little direct 
influence on that of the central retinal vein V. Graefe, who originally 
suvvested engorgement of the central vein, due to rise of the cavernous 
pressure, as the cause of papilladema, abandoned it when Sesemann 
demonstrated its free communication with the facial vein and th 
pterygoid plexus. But a stronger argument against this view is the fact 


proportion 


of thrombosis of the cavernous sinus, and probably only in those in which 


that ophthalmoscopic changes occur in only a smal 


the thrombus extends to the ophthalmic anastomosing branches 
(Uhthoff). It must therefore be concluded that the pressure of. the 
vena centralis need not rise parallel with, or even in conjunction with, a 
rise of the cavernous sinus pressure. 

It thus appears that the venous pressure in the retina and optic nerve 
is not directly dependent on the intracranial venous pressure, and may 
he little, if at all, influenced by it. But the intravaginal pressure rises 
parallel with the intracranial pressure, as there is a free communication 
between their spaces, and if the former 1s increased the pressure in the 
central vein must, by the same law that determines the cerebral venous 
pressure, rise to, or above, the same level if circulation is to be main- 
tained within it. In its intraneural course the nerve, with its strone 
connective tissue septa, may prevent the sheath tension acting fully on 
the vein, but its intravaginal portion must depend almost entirely on its 
inside pressure to maintain its lumen; consequently here, at least, the 


venous pressure must equal that transmitted to the sheath from the 


cranial eavity. This rise of intravenous pressure must extend to all the 
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listal portions of the vein and its branches, as well as to the pial veins 
hat drain into it, and all these must consequently become congested. 
The pressure in the central vein of the nerve and in the pial veins 
innot differ widely from the tension of the tissues in which they lie, as 
e latter, too, are subjected to the increased intravaginal pressure. But 
he effects of this cannot extend beyond the lamina cribrosa; therefore, 
the pressure in the retinal vers and capillaries must rise parallel with 
it of the central vein, and as there is no increase of intra-ocular tension 


ere arises a disproportion between the capillary and venous t nsion and 


Lhe tissue lyvinph tension in the papilla Under these conditions there must 


rgeinent which leads to an excessive lymph transu- 


lll L Venous el 
lation If the lymph drainage were unobstructed a permanent «edema 
the tissue would not necessarily result, as the outtlow might readily 
mmodate itself to the increased production. In cases of thrombosis 
the central ven tor ¢ sample, whethe r complete or partial, there Is 
bstruction to the venous return, and consequently venous congestion, 


it as there is no obstruction of the lymph drainage there is little or no 


elling of the disc. In this case we have the venous congestion acting 
thout the second factor. But the lymph from the disc and nerve 
mally drains into the subarachnoid space of the sheath along the 
lventitial coats of the central vessels, and in the case of the nerve along 
vessels that penetrate it from the pia mater; consequently any rise 
sheath pressure must obstruct this outflow, and actually dam the 
mph back until its pressure reaches the level of the intravaginal 
pressure. <As the retina and optic nerve, like the rest of the central 


no proper lymph vessels, the tissues into which the 


yh is transuded must distend until the pressure exerted in the 


tretching ot them comes to equal that which obstructs the drainage of 
the lymph from them When this point is reached a balance is estab- 
shed which will be maintained until an alteration takes place in one or 
ther of the two forces ; either the pressure in the sheath may be lowered 


by trephining or when the communication with the intracranial cavity 
velopment and contraction of cicatricial tissue in the 


lise may increase the power of the tissues to oppose distension. Even 
the retinal lymph drain along the optic nerve directly into the intra- 
ranial cavity the same resuit must ensue, as the same raised pressure 


1 
must block the outtlow 


Tn i, op therefore, the Wa of the papilla that constitutes 


thre first place due to the PEMOUS ment 


pa mad is iit 


that results trom the rise of intravenous pressure that is nNeECESSUrY in 
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THE PATHOLOGY OF PAPILLG:DEMA 


» results, and this causes a further 


pressure of the central vein need not rise parallel with that of the 


letail, but as far 


n to the veins of the nh rve-sheath, which conseq Ue ntly become | 
ngested; a hydrops of the sha |i 
essure on the central vein. But, as von Graefe himself recognized 
nus, owing to its free anastomoses in the orbit. And the intravaginal 
essure that would result from such transudation of fluid into it could 
rise above that of the congested veins, and could therefore not 
Line central vein 
According to Sch lt-Rimpler’s |54) original tl ry, the raised 
tracranial pressure driv the erebrospinal fluid into the vaginal 
mace and then nto 1 lana | 1. Where it produ 1 con 
) ession of the nerve-fil pap ry cedema, and a maary venou 
ngestion Van this view: he excluded penetration of 
luid into the lamina, but ned a direct compression of the vessels in 
nerve at their e1 nto t lamina 1) iby the increased sheath 
ssure to which the " ibjected, 
The main ol tion to these hypotheses that no evidence of ; 
pression of the n the: of the nerve has been satisfactorily 
nonstratedt \\ rt niyv not tin our cases, on the contrars 
e veln wa u ested and engorged (fi 10 Further, if the 
reased sl ith upress tl vein, it is more hkely to do so in 
+ ] + +1 + +] 
Insupported pat es the sheath, than where it is supported ™ 
| th urrounding herve he passa of tluid trom. the heath, ; 
) schmidt-Rimple: il] weested, is very mmprobable, as the tissu 
nsion must rise parallel with that of the veins, which must always, ) 
f circulation continue, « ed that of the compressing fluid 
| Schieck 53 na Ve nt monovrrapn idvances the view that thi 
reased stv ith pressure the Ivmph Linace al the axial 
rand ot the cent! \ ( from tw! papllia and vitreous and may even 
lrive tl heath fluid into t 1} paces of the nerve Vhus cedema 
nd swelling of t | produced, and by pressure on the central 
els a secondary venous ene emen his hypothesis loses sicht 
the fact that the int: nous pr ie must exceed the sheath ; 
ssure, and, consequently, a pre ive transmitted from this to thy 
) mph in the tissues cannot compress the vein. Further, if there were 
res Ivmph communication wh cn he assumes between th vitreous 
d the papilla, the ceedematous fluid in the latter would escape into the 
treous, and so drain aw: through the anterior chamber, without a: 
welling of the dise necessarily resulting. : 
|) 
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as we can gather from a short abstract of his recent address, he belie, 
that the sheath is first distended by cerebrospinal fluid, but as tl 
intracranial pressure rises th optic nerve is compressed, and the con 
munication of its sheath with the intracranial cavity is cut otf by t 
pressure of the frontal lobe from above and the temporal lobe from t] f 
outer side on the dural fold that surrounds the nerve at its entry int 
the canal. In this way the flow of lvmph in the nerve is obstruct 
and a papilledema results. In the circumstances it would be unfa 
to criticize this hypothe sis in detail, but we must again draw attent 

to the fact that tumours which lie in the neighbourhood of one opt 
foramen or colmpress one optic nerve from above may arrest or prevel 
the development of papilladema in the corr sponding eye, and wher 


the tumour invades this neighbourhood after neuritis has aj peared 


may cause a rapid subsidence of the swelling and induce a press 
atrophy. urther, it is a well-ascertained clinical fact that ev 
moderate pressure on the nerve interferes first with the function of tl 
macular fibres, and thus gives rise to a central scotoma, which is exceed 


ingly rare papillaedema 


Behr |4 has adopted a similar explanation from his study of a « 


of oxycephaly, but he assumes, in addition to compression of the nery 


in its foramen that the lymph 


the vein in the nerve and thus produces the venous congestion at 


engorgement in the fundus. But as Ivmph is secreted only at capillar 
or venous pressure its tension can never rise sufficiently high in tl 
tissues to interfere with the venous circulation 

Though it is impossible to accept compression of the nerve in it 


foramen, as assumed by Saenger and Behr, as the cause of pap Hhedema 
we think this may be an important factor in cutting short the cours 


of a papillwedema (as it must, if our hypothesis be correct) and in pre 


ducing a secondary atrophy which may be indistinguishable ophthalm 
scopically from a primary atrophy. 

According to Deyl’s | 12) hypothesis the site of venous obstruct 
in the dural sheath. The displacement of this by distension of the spac 
produces an acut bending and compression of the vein as it enters the 
dura and so obstructs the venous outflow. But, like Elschnig | 16) and 
others, we failed to tind any anatomical evidence of this compression 
of the vein in the dura or of the engorgement he describes in the por- 
tion that crosses the space. Dupuy-Dutemps (15) originally supported 


Devl, but in his later paper {14 he regards it as more probable that 


the compression takes place in the space or under the pia mate 
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iderson |24/, in his recent bool * Glaucoma,” suggested on 


wi grounds that papilloedema is due to the 


| s due ) ditterence between the 
logically raised intravenous tension and the normal intra-oculat 
n 
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it may be 


period of 


CAL CASES 
muscular weakness occurs 
gradually progresses, and 


weeks, months, or v¢ 


member of the family may be affected 


the constant 


with other chanves 


in the central nervous system (Werdnig-Hoffimann typ 


W hicl 


(2) A 


atrophy begins somewhat later in 


type of case In 


and slowly progresses till death oc 


monia. The pathological chang: 


progressiv 


1 life, after the 


ss found in such 


‘urs from re 


muscular weakness aad 


} ] 
ready walked, 


4 
child has al 


ture or pneu- 


of the lower motor and sensory neurons resembling those occurring in 


“toxic neuritis.’ 


/ 


(3) A type ot case 


atrophy begins in later life aft 


pre 


cord, not limited to any one 


and is attended by very 


marked d 


The cases which belong to this type are 
following is a short abstract of the clinical 
changes in those cases in which a post-mo? 
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for fourteen days: t \\ 
limbs noted w 14 | 
vell. 
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apparently normal, 1 eaction obtained 7 


Death after three days 


) N abnorn 
system No ey Dll 
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1, 2, 3, 4, 5, 6.) See Ap) | 


Case 2. William G.. aged 5 weel 
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looked 
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nout 
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was complete paralysis of the trunk muscles and intercostals, but the diaphragn 
acted well. All the deep reflexes were absent: there was analgesia below thx 
second rib. The child died when 8 weeks old of broncho-pneumonia 

Post-mortem.—Nothing abnormal on macroscopical examination: but on 
microscopical examination widespread atrophy of the cells of the anterior horn 
and degeneration of the tibres of the posteriol column. See figs. T and &. 
(See BRAIN, 1902, xxv, 85.) 


Case 5. Kdward T., aged 4 months Fourth of four children, one of whor 


was said to have died of a similar complaint. Easy labour. General helpless 
ness noticed one week after birth gradually Increased, On admission 


paralysis of arms and legs, absence of d ep reflexes, pa alysis « intercostals 

Death. No post-morte See Appendix.) ) 
Case 4.—Perey B., aged 6 months. Fourth of four children. Full tern 

normal labour. Healthy at birth Gradual onset of weakness first not ced 


the arms when 4 months old. Well nourished, intelligent child. lace | 
paralysis of arms, legs, trunk, neck Paralvsis of intercostals \bsent reflexes | 


chromatolysis and atrophy of the cells of the ante hor See Appe 

Case 6. Ronald = ‘ sed 34 vears, one ol twins Neve learnt to sit iD 
Learnt to talk early When 15 months old could not move his legs, but « 
move the arms 


When first seen in June, L9OLO, he 


of both legs, was quite unable to sit up or maintain a sitting position é } 


J 
J 


muscles with lateral curvature of the spine KX ne erks only obt tble wit 
difficulty. 

Death after four days in hospital 

rlem., Notl ing Lbnor on il eX mmMmation, () 
microscopical eXaumination some degeneration of the oots and some 


could, however, hold ip is he vd Sensation was perfect 
were absent The intercostals paralysed He died from bron -pl 
in September, LYLO 


smallness of anterior nerve-roots of the spi cord, and marked atrophy o 


(See figs. 9 and LO See Appendix 
CLINICAL FEATURES OF CLaAss 1 


An infant born at full term and apparently normal at birth begins in 
the first few weeks of life to show weakness of the trunk and limbs 


The infant appears of normal intelligence. The weakness steadily 
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progresses, so that there is a complete flaccid paralysis of both arms an 


The intercostal muscles become paralysed and the child dies from some 


intercurrent disease, generally of broncho-pneumonia. Several membe: 


legs, and only a little movement is preserved in the fingers and toes 
of a family may in succession be affected, as in the Case 2, wher | 
four children out of a family of eight were thus affected. In Case - 
another member of the family is said to have died from the san 
disease. 

The clinical picture which these infants present Is very st! kins 
The infant lies in bed, happy and contented, taking his food well, b 


comple tel unable Lo move ¢ ithe) aris oO} le the limbs hye he riect 


flaccid. ‘The disease tends to affect the proximal muscles 


= 
= 
> ) 
| 
‘ 
‘ 
{ I gra f tt 
Stained I method 
distal, so that all movements of the fingers and toes are still p 
after power has been lost in the shoulders and hips fan attempt 
made to lift up the child the extreme flaccidity of the trunk musi 
easily recognized. ‘The actual wasting of muscles in some cases is not 
obvious, for it is covered up by the subcutaneous fat The child will. 
a rule, rapidly respond by erving when pricked by a pin, and as far a 
can be judged, sensation is perfect All the tendon reflexes are eithe) | 
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r greatly diminished. In those cases in which the electrical 


actions have been examined the absence or great diminution of excita- 


litv to the faradic current is a most striking feature The duration of 


in most of these cases is limited by months, but in one case of the 


resent series the duration of life was considerably longer, viz., three and 
half vears 
PATHOI FEATURES OF CLAss 1 
The clinical features of the disease are fairly constant. The patho- 
‘al features ditfer somewhat These ditferences may depend upon 
e length of time the disease exists before a fatal issue ensues ; for that 
ie, although dependent in part on the progress of the disease, and 
I] on the pa lysis of the intercostal muscles, vet it is often 
elerated by t e} of broncho-pneumonia 
In four of the six cases belonging to this class a pathological examina- 
n was mad ( 
In Case 1 there is the most marked degeneration of the medullary 
ith of the fibres of the anterior roots of the spinal cord from their 
n in the cells of the anterior horns, in their intramedullary course 
rough the cord, and in their extramedullary course. (igs. 1, 2, 3, 4.) 
s degeneration is most strikingly shown by the Marchi method. 
peripheral nerves show but little chang: The cells of the anterior 
ns show but little change, when considered in relation to the marked 
nee n the tibres Some few cells undoubtedly show chromatolysis 
es, 5 and 6), but only a few compared to the numbers of tibres which 
iffected Compare figs. 1, 2, 3, 4, 5, 6 
The muscel n Case 1 do not show any marked change, the muscle- 


ng in the condition seen in a late fuetal or infantile life 


et with in Case 2 are somewhat different. In this 


here is a marked atrophy of the cells of the anterior horn through- 


degeneration of the 
Ls is sl the March method, There IS degenera- 
he posterior column of the spinal cord. The muscle shows 


mixture of atrophy and hype rtrophy of muscle-tibre, but no 


changes met with in Case 5 are similar to those in the two 


ses, but differ in the following respects, viz., that the Marchi 


ration is less marked than in Case 1, and more marked than in 


vhile the chromatolvsis is more marked than in Case 1 and less 
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res 
le canes 
nterior } 
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The changes met with in Case 6 are similar to those seen in Cases 2 
and 5, viz., the marked atrophy of the cells of the anterior horns, and of 
the anterior roots, only a few normal cells persisting. (Figs. 9 and 10.) 

If the pathological findings in these four cases are carefully con- 
sidered together, may not the differences be explained partly by the 
intensity of the poison, and partly by the duration of the disease? In 
Case 1 the appearance is very similar to that met with in diphtheritic 
paralysis, the most marked changes being visible in the medullated 
sheath of the nerve, whilst the cells exhibit but little chromatolysis. At 
a later stage the products of degeneration shown by the Marchi method 


become absorbed, whilst the chromatolysis and atrophy of the cells as 


shown by the Niss] method become more marked. Such a conditicn is 
well exemplified in Case 5, where there is a condition both of chromato- 
lvsis and atrophy of the cells, with some degeneration of the myelin 
sheath of the fibres, an appearance compatible with a more chronic 
course, dependent on a lesser dose of the toxin. The longer clinical 
history of this case corresponds with such a result. 

In Case 6, a case of three years’ duration, the cells and roots have 
undergone atrophy, and the pathological picture represents the later 
stages of the disease 

The question as to the nature of the toxin to which these changes 
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are due may be raised, but on that point there is yet no evidence, 
Certain poisons are known to act especially on the lower motor 


neurons, and as an instance of such, diphtheria, lead and arsenic may 
be quoted, 

The changes found in Case No. 1 resemble closely those found in 
diphtheritic paralysis, and it might be suggested that the mother had 
diphtheria before the birth of the child, and the resulting degeneration 
was due to that poison. Lead and arsenic might similarly be thought 
of, but the only object of such hypotheses is that in investigating 
future cases, examination might be made for these poisons. On 
the other hand, the occurrence of the disease in families, although 
not absolutely excluding the toxin theory, vet renders such a view 
improbable, and would seem to point to the condition being due to what 
Sir William Gowers has termed an “ abiotrophy,” that 1s, a “* degenera- 
tion dependent on a defective vital endurance.” 

Recently Catola has examined the nervous system of infants born of 
parents suffering from various diseases. The changes which he figure 
and describes in the cells of the anterior horns and in the anteriot 
roots in the child of an eclamptic mother and in that of a syphilitic 


mother are strikingly similar to those described in Case | of my series. 
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The case which is placed in this class is one which was under the 
eare of my colleague Dr. Voelcker, and was shown by him at the 
Medical Society, November, 1908, and February, 1909 I saw the child 
on various oceasions. One of the most striking features of the case was. 


that although the disease was slowly progressive, yet there were periods 
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during which improvement took place. The disease ran its course in a 
period of fourteen months. 
The clinical features of this class as based on this case are as 
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\n apparently hi ilthy and intelligent child, who had made normal 


vress, without any obvious cause was noticed one morning to be 
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unable to walk properly and to fall after taking a few steps. This weak- 
ness gradually progressed, so that the child became unable to walk and 
unable to feed herself. There was incontinence of urine and feces for 
a time. There was a transient weakness of the muscles of the face 
All the deep reflexes became abolished. The muscles showed the re- 
action of degeneration. The respiratory muscles became attected 
Sensation was unaffected, and there was no pain. 


Some improvement took place for a few months, then the diseas 
steadily advanced and the child died some fourteen months after the 
first svmptom 

PATHOLOGICAL FEATURES OF CLAss 2 
The brain and spinal cord to the naked eve appears quite normal, 


und on microscopical examination could no change be shown by the 
Weigert-Pal method. Some slight degeneration is seen by the Marchi 


method, both in the white matter of the cord and in the anterior and 


posterior roots. Some of the cells of the anterior horn, both in the 
cervical, dorsal and lumbar region show chromatolvsis, others have 
already undergone atrophy. (Figs. 11 and 12.) 

The peripheral nerves show a considerable amount of degeneration 
by the Marchi method. The changes appear to be more marked in th 
peripheral nerves than in the central nervous system 

The muscles and fibres of the diaphragm show a marked fatty 
degeneration by the Marchi method. 

The changes found are probably the result of some toxin affecting 
the lower neurons (* toxic neuritis ’ 


This case has been classed as a “ toxic neuritis, partly on clinical 


grounds, partly on pathological grounds. The clinical history of the case 
is distinct from that of the cases which form Class lL. The onset of thi 


cular course, the reaction of degeneration, the atfections 


disease, the irre 
of the diaphragi, are all SVinptomis to which, if taken singiv, NO speci il 
value in the differential diagnosis could be attached, but if taken to 


suggest a poison acting diffusely in the lower neurons, rather than a | 
poison which is acting primarily on the cells of the anterior horn 

On pathological grounds the extensive degeneration of the peripheral 
nerves as compared to the slighter changes in the cells of the anterion 
horns, together with the character of those changes, seem to me to be 
points in favour of regarding this case as one belonging to the class of 


“toxic neuritis.” 
It is admittedly one of the most difficult problems in neurology to 


| 
| 
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differentiate between cases of “ toxic neuritis” and those due to degene- 
ration of the cells of the anterior horn. 

On clinical grounds there is no doubt that the distinction is useful ; 
on pathological grounds it seems to me doubtful if the distinction can be 
drawn between affections of various portions of the lower motor neuron, 
but for the present I would classify those cases which show rather 


diffuse changes in the peripheral nerves, and but little change in the 


anterior horn cells or anterior roots, as “‘ toxic neuritis,” and those cases 
which show marked changes in the anterior horn cells and anterior roots, 
and but little or scattered degeneration in the peripheral neurons, as 
The question as to the advisability of including such a case in a 
eries of cases described as progressive spinal muscular atrophy might 
Il be disposed to press this objection against 


the obvious advantages of considering together cases which have a 


( | 1] | ve ikness Is. fow 
| cle ~ i ( ila 
be \ na r ot the 
} ol t cells e anterior horns. (BRA 
73 
( ( FEATURES OF CLASS 3 
The case on which the third class is described is one which was 
pubhshed in Braiyx, 1905, by Dr. Morley Fletcher and myself. — It 


in its clinical and pathological manifestation entirely distinct from 
the other two eroups, and vet it possesses the characteristic feature, 


Viz., progressive musculat atrophy of spinal origin. 


The clinical features are given in the following short abstract 


A girl, aged 11 'welve months’ weakness of hands ; seven months 
unable to button clothes; four months’ weakness of legs. Two months 
ago adenoids removed and much worse since that operation. Fourteen 
days’ pain in back and increased difficulty in swallowing. Intelligent, 


deaf, some atrophy of tongue, palate moves well on phonation, weakness 


| 

marked clinical similarity 

CnHarrer IT] CHRONIC) MYELITIS 
lbstract of Case 
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of neck, respiration thoracic, upper intercostals only in use. Claw-hand, 
wrist-drop, weakness of upper arm and shoulder muscles. Can walk 
but feebly ; knee-jerks brisk, plantars flexor. Sensation natural to all 
forms. Electrical reaction shows R.D. in some muscles, in others only 
diminution of excitability. 


Sudden death from respiratory failure six months late 


PATHOLOGICAL FEATURES OF CLASS 3. 


There is extensive destruction and atrophy of the cells of the ante: 
horn from the upper cervical to the lower thoracic segments, these 
changes Lye ing most marked at the level of the sixth thoracic segment 
the cells of Clarke’s column. be ing also affected. There Ss eXtensive 
degeneration of the whole of the ventral region of the cord in the 
thoracic segments, the lesion being most marked at the level of the 
sixth thoracic segment, and diminishine in extent both towards the 
medulla and caudally. There is extensive degeneration of the direct 
cerebellar tracts, both dorsal and ventral, beginning in the lower thoracic 
segments and extending up to their respective terminatiot n the 
ce rebellum. The degenerat on atteets both orey ind white matters 
alike. 

There is a marked increase of the connective tissue in the ventral 
portion of the cord. The walls of the vessels show no chang The 
cords shows show both recent and old degeneration Braix, 1903. 
xxvi, 473.) 


This case must be regarded as a chronic form 


secondary to some vascular changes and toxic blood stat The origin 
and cause of the myelitis and of the pecuhar distribution un- 


explained, 


The differential diagnosis in the first class of cases above described 
is one of the pre atest ditticulties. A child who at the ¢ et rt has 
| 


a complete flaccid paralysis of all four extremities ts probably the subject 


of a spinal hemorrhage, due to traumatism at birth. The child who | 
during the tirst few weeks or months of life develops a flaccid paralysis 
of all four extremities is probably the subject of a spinal atrophy; but 
the difticulty of differentiating these two conditions is well shown in the 
two cases recorded by Dr. Beevor. Two children, when a tew weeks 


old, exhibited the same clinical picture, viz., that of a complet flaccid 


3 
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paralysis, and yet on pathological examination it was found that in the 
one case the condition was due to spinal hemorrhage, in the other 
to an atrophy of the anterior horn cells. In children rather more 
advanced in age other questions came up for consideration, and one of 
the most difficult is the distinction of a primary spinal condition from 
a primary muscular condition or myopathy. 
The forms of myopathy which occur in young children become year 
by vear more generally recognized. The simple atrophic type ol 
Erb and the condition known under the name ‘ myatonia congenita ”’ 
may easily be mistaken for the Werdnig-Hoftmann paralysis. Myatonia 
‘congenita is a disease of early childhood, characterized by an extreme 
degre f ss of tone and feebleness in all the muscles of the body 
The condition 1s stated to improve as the child advances in age 
A child with this disease can, as a rule, perform all movements in 
feeble manner, and ther not the marked degree of flaccid } cralysis 
seen in the case of spinal atrophy Although hypotonia is present in 
cases of spinal phy, vet It Is not so marked as in cases of myatonia 


congenita \vain, the intercostal muscles are commonly paralysed in 


the spn tro} f infants, Whereas in myatonia they are less affected. 
Shortly, it mav | said that in spinal atrophy the paralysis is more 
marked and the hypotonia less marked than in eases of mvatonia 


The ditticult f diagnosis is well exemplified by the three cases in 
ne fam described by Finkelnbureg These would, on clinical grounds 
lone, be assigned to the Werdnig-Hoffmann group, and yet on patho- 
) examination he has shown that they belong to the myopathic 
y)—there being no change in the spinal cord, and changes in the 
) | myopath 
Spinal ries under certain circumstances, rather closely 
| mulate this disease, especially when the tuberculous process has spread 
in through t membranes and invaded the spinal cord. Cases of wide- 
spread | elitis occurring during infant life may clinically resemble 
Werdnig-Hottmann paralysis, but the paralysis and atrophy of muscles 
| rarely svininetrical, and © ups ol muscles tend to be picked out, 
leaving others unattected 
In the second and third class the diagnosis is no more easy than in 
t] first ] ind even with the patholog eal knowledge obtained from 
the examination of these cases, it would be most difficult to assert in 
cases presenting similar symptoms what was the cause of the widespread 
propress muscu Mropn) 


convenitl 
| 
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CHAPTER V.—LITERATURI 


Since the year LSS there are only some five cases of the disease 


recorded, in which there has been a pathological examination These 


are the cases recorded, one by Hoffmann, one by Beevor, two by von 
Ritter, and one by Armand-Delille and Boudet. Previous to that date 
there are the well-known cases of Werdnig and Hotfmann on which 
the clinical features and pathology of the disease are founded, to 
which may be added the case recorded by Thomson and Bruce, ¢.¢., ten 
cases, to these may be added the three cases in this paper, making 


thirteen cases in all. 


Of cases without autopsy there are those recorded by Senator, 
Sevestre, Bruns, Wimmer, Haushalter, Lange: Some of these, and 
notably those of Bruns, Senator, Haushalter, and Lange, and the second 


case of Wimmers, should almost certainly be classified as myopathies 
and not with the Werdnig-Hoffinann group The earlier cases 
Werdnig and Hoffmann have already been reviewed in Bratx, 1897 
The later case of Hotfmann and those of Beevor, von 
Delille and Boudet will be considered. 

Hoffmann in 1900 recorded the result of the autopsy on the child 
Margar the G., the details of whose case had already been pubplishe d 
1897. The paralysis slowly progressed, only feeble movements 
hands and feet remaining till 
deglutition, remained unatfected. The higher senses were normal, and 
there was no affection of the bladder or rectum. Sensation remained 
intact. The child died when 5 years old of pneumonia On exXamina- 
tion of the spinal cord there was found to be atrophy of the intra- and 


extra-medullary portions of the anterior roots, degeneration and wastin 


of the multipolar ganglion cells, and degeneration of the peripheral 
nerves. The pyramidal tracts showed no change There was wasting 
of the muscle-fibres with fattv degeneration and interstitial fat. 

Beevor’s case, published in 1902, is recorded in the Appendix, and 
one of those included in the substance of the paper. Shortly, the leading 


features are as follows: An infant, the eighth of a family of eight, fom 
of whom had been similarly affected, had flaccid paralysis of all fou 
limbs. The child died at 2 months old, and extensive trophy of the 
cells of the anterior horns was found. 

Von Ritter, in 1904, described two cases. The first, a female child, 
15 months old at the time of death, the only child of healthy 
parents, born in normal Jabour, and suckled till 10 months old. When 
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} months old it was noticed that the child moved its legs but little, 
ind she seemed to get weaker in the upper extremities. The child was 
fat, not rickety, and had a flaccid paralysis of all its limbs. The face, 
mental condition, sight, and hearing were quite normal. On examina- 
tion, the spinal cord showed marked atrophy of the cells of the anterior 
horns and atrophy of the muscle-tibres, with fatty degeneration. The 
econd cas + male child, the second of two children, the first by Ing 
quite healthy. The birth was normal During the first vear of life the 
parents noticed nothing amuss. In the second vear of life the child 
vradually began to develop weakness in the lower extremities, and she 
had, by the end of the second year, complete loss of power in the legs 
nd had paresis of the arms. ‘There was marked wasting of the buttocks, 
standing was impossible, sitting was possible, all the visceral functions 
vere the deep retiexes wert abolishe The ch ld dis whe 
2 vears old. On pathological examination, the anterior roots of the 
rd were found to be verv wasted, and very few normal ganglion 
ells remained The muscles showed atrophy of the muscle-tibres and a 


marked lipomatosis I} cord does not seem to have been examined by 


> 1 nths old, the tirst of two healthy parents The infant had made 
normal movement f the new-born during the tirst weeks of life, 


but when 2 months old weakness of the linbs was noticed The 


museles of the neck were also weak, and the head Hopped to the 


Qn examination there was almost complete paralysis of the four 
mbs and muscles of the neck. ‘There was paralysis of the intercostal 
muscles The diaphragm alone carried on respiration. The thorax was 
deformed Cutaneous sensation was preserved All the deep retlexes 
vere abolished There was absence of response in the muscles, both to 
faradic and galvanic currents. ‘The sphincters were intact. On account 
of the subcutaneous fat it was impossible to feel the muscles, which 
were | iralysed nad nm the course ol atrophy. The child died when 


5 months old. On examination of the muscle, the nuclei appeared very 
tbundant, and the muscle-fibres markedly degenerate. Some bundles 
were completely replaced by connective tissue, some of the muscle-tibres 


preserved their striation, but most were already in a stage of advanced 


atrophy. A perivascular and interstitial sclerosis was present. The 


muscle-tibres of the diaphragm were normal. In the peripheral nerves 


a number of the fibres had disappeared. The anterior roots were 


the Marchi met! 
Armand-Delille and Boudet, in 1908, described the case of a child, 
side 
| 
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atrophied, the posterior roots were intact. The posterior root ganglia 


showed no change. The white matter of the cord was normal. Ther 


was very marked atrophy of the cells of the anterior horns and of the 


ae ) anterior roots. ‘The cells which were less affected showed chromatolysis 
The atrophy of the cells of the anterior horn contrasts with the norma! 
appearance of those of Clarke’s column. The meninges were intact 
All these cases may be accepted as examples of the disease 

The cases, without autopsy, arrange themselves in two groups—thoss 
which from their clinical symptoms may be considered as examples 
the disease, and those which from their clinical symptoms, it wouk 
not seem justifiable in the absence of any pathological evidence to the 


contrary, to include under the Werdnig-Hotfmann group 


Group CASES WHICH, FROM THEIR CLINICAI SYM 


rHE WERDNIG-HOFFMANN Typ! 


In the first group may be placed the cases of Sevestre and Wimmet 


first case, While in the latter group | should place those of Hausaltes 
Bruns, Senator, and Lanes 

Sevestre showed the case of an infant 2 months old. Witl Col 
plete flaccid paralysis of the body, only the muscles of tl head 
neck, and diaphragm remaining normal. The muscles of the extren 
ties were atrophic, and they had lost tl vi 
an anodal contraction on ealvanic stimulation The thorax 
deformed Two other members of the family of six had had tl 
same atfection and had died when a few months old In the diseussion 
Hutinel said he had seen a similar condition in two ehildren born in a 
breech presentation, and he att buted the condition to pinal heameor- 
rhage. In one case, however, in which an autopsy was obtained, n | 
such hemorrhage was present 

Wimmer’s case 1s that of a bov, aged 16° mi nths Th labour Was 
normal, and no other members of the family were affected A tew 
months after birth difficult n suckine was noticed. The infant was 
alwavs verv weak, could not raise the arms, but could move the fingers 


and hands. The child could move the toes, but not the lees or thighs 


enlargement of the head, and the movements of the face, eves, and 
toneue were normal. The child was a eryptorehid The deep reflexes 
were abse nt The muscles showed alte red elect cal reactions Ll 


compares it to Beevor’s case and savs that it most resembles that 


The neck muscles wert WCaK The ch ld Was hot ibe le, had no | 


r 
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WITHOUT 1X AUTOPSY, MAY CONSIDERED AS EXA\ ks © 
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Group 2.—CASES WHICH, FROM THEIR CLINICAL SYMPTOMS, AND 
VITHOUT AN AUTOPSY, SHOULD NOT, IN THE OPINION OF THI 


WRITER, BE REGARDED AS BELONGING TO THE WERDNIG- 


With regard to the second group of cases without autopsy, recorded 
by Haushalter, Bruns, Senator, and Lange, I am unwilling to accept any 
ff these as cases of muscular atrophy due primarily to atrophy of the 

Ils of the nterior horn Haushalter, indeed, regards his cases as 
h described under the title “ Amvyotrophi 
primitive progressive dans lenfance,” the first being a fairly typical case 
{ facio-scapulo humeral type, the second belonging to the simpk 
trophic type, and the third probably to the myatonia congenita type, 


ugh in many features this case most closely resembles the Werdnivg- 


Bruns records three cases from ditferent families. In the first family 
two sisters had died of the same complaint In the second family 
here was no other cas In the third family the two elder and one 

unger members were health Bruns counts these as five cases, and 
ulded to the nineteen cases already published by Hoffmann, and the two 


ses by Werdnig, and one by Bruce, says that there are now twenty- 


cht recorded « s of the d 
| first ¢ I. R 110 r lre 
first child, hoy, stood | lked 
SIs ( | | ched n 4 vears old 
| | tl lungs when 3 years old 
| ho ped we ll 9 months old, b to 
( ! nsteady When 24 vea old hye 
| ‘ | sts easily fell bac | 
ll be b Ds O quadriceps extens Was 
| s loss Lic ul y in the muscles, and a very 
) his ss el le il | ld 
| ld is no} 
3 eloped | e first two vears of | S 
ed Ly ve ( | ress Was made. She freque ly 
{ 1) } essivel ~ Weakness of the arms came on 
Whi Is94 Wis very marked curving of thi 
\ ) We ik ess ol Live ] | 
alvsis Was of flac l cl rete The d ep retlexes were absent The 
Wwe | ls were less affected than the shoulder muscles, and the toes 
ss atfected than t upper portion of the leg Fibrillary tremors were present 
There was loss of electrical excitability, but » cdistinet reaction of de generation 
Intelligence, sensat | sphineters were normal In 1896 the weakness had 
3] 
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Hoffmann typ mi 
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increased and she had difficulty in holding up the head. In 1898 there was 
still more weakness, atrophy of the shoulder girdle and the thighs, and more 
wasting of the calf muscles. In 1900 she died, when 16 years old. 


Was ho autopsy. 


The second case, E. lL] Notl Ing is known of the f; ily Istory 
She had general weakness of e shoulders and hips, standing was impossibl 
there was a marked kyphosis, fibrillary tremor in the shoulder muscles 
liminished electrical reaction, absen f the deep retlexes. She rei 
this conditio 

The third case 4. N., boy sed 3 o old brothers | sper 
tively 7 and 5, are healthy, as is also the sister, aged S months. This ehild 
valked and talked at veal nad 3 months. When 2 vears ol I ! Lhe) 
noticed gradually increasing weakness. The ehild lost er 
developed i tremor ot the hands an | Wei ness ol the byeve a | e legs s We 
the greatest amount of we Ness [The face, eve, museles of the tongue were 
inattected. Chere Was fibrillary. tre r ol the muscles ol hot nas 
Kyphosis was present in the lumbar region and the deep reflexes were absé 


Bruns, in considering these cases, says they are undoubted cases of 
Werdnig-Hotfmann’s disease. He notes the difference in age between 
his cases and those of Werdnig and Hoffmann, but he says that they 
cannot be mistaken for any progessive form of muscular dystrophy 
He suggests that Charcot-Marie-Tooth or peroneal is the type which 
most resembles these cases, but the atrophy in these begins in thi 
peripheral portion of the limbs and extend 


, for the cases 


[ should not be prepared to agree with this statemen 
rather closely resemble some of the forms of dystrophy, which begin in 


the proximal muscle, and a very similar case with curvature of the 


f. Nervenheilk., 1902, Bd. xxn, S. 444). Without a pathologica 


examination Bruns is hardly justified in placing in the Werdnig- 


spine has been fi: ured by Je narass k see Case LQ, De itsche Letts ho 


Hoffmann group a type of case which differs so marked! n course 
and clinical features from that group 
Senator describes two cases, a brother and sister, under the tith 


“Zur Kenntniss der familiarem progressive Muskelatrophie in 


salter.”’ 
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ural. There was altered electrical excitability. Six 

nonths later the at opl vy of the buttocks and shoulders had made _ further 
progress. The gait was unaltered. He was neither better nor worse. 

The second case, G. S., a girl, aged 55. walked at 10 months. When 

, IS months old she had a fit. Whe ~ vears old she became unsteady on her 

es, LIKE Lh brother, and at the same time there was tremor of the hands. 

She walked with a wide base, was s! ky, had on irked lordosis and a lateral 


back 


Senator, in considering the differential diagnosis of these cases, 
juestions Whether they belong to the neuropathic form of Werdnig and 


Hottmann, or to 


aithic form of simple atrophy. He says 
that Heubner, Schulz and Preisz have shown chanves in the nervous 


vstem in some cases of myopathy He thinks these two cases are 


Lange deseribe two cases, a brother and sister, aged 11 and 6 


respectively, the first and fourth children of a family of six he second 


f 


complaint when 3 vears old. 


Whe Ll we lt sou bie to stand, there Was ke wasting ot 


In conclusion, as belonging to the Werdnig-Hoffmann group one 
ild accept in addition to the case of Hoffmann, published in 1900, 


Beevor’s case, von Ritter’s two cases, Armand-Delille and Boudet’s case 


first case Without pati Jogical examination. I should not, h wever, 


be prepared to accept as belonging to this group the cases of Bruns, 


The following list of thirteen cases comprises all those in which the 


| 
urvature with the convexity to the right There was wasting of the Hi . 
uscles and to a lesser degree of the upp ium and pectoral muscles. The = 
ittock muscles were flabby, but the lower legs appeared well developed. 
Fibrillary tremor was present in some muscles. There was diminished excita- 
probably spinal in origin 
} 
evan to lose powe n tl bs, lost the power of sitting up, and also the 
scles. When 3 he developed double cataract 
hen the us ste Shit evel t Wal When 3 vears old 
» | ther, deve ed cut ct ¢ ild only Sit propped up 
l.ange is inclined to attribute these cases to the Werdnig-Hoffmann 
up, but he says it is impossible to separate such cases from the 
uvopathies without a pathological examination 
ll with the pathological examination, and 
| Senator and Lange without a pathological examination. a 
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diagnosis has been confirmed by autopsy, and may be accepted as 
belonging to the Werdnig-Hoffmann type. They have been arranged 
according to the age at which death occurred. The list shows the 


marked variation in the duration of symptoms 


1. Batten 14 M. ) 0 
I r M 2 \ 
3. Armand-Delille 2 M. { ) 1908 
und B i 
4. Ba \ M 8 ) 
G6. v. Ritt 12 2 
7. ul 7 2 
&. W li ) NM. 
9. Ba \ M. 
10. Hoff Ye 
Is. B 121 ) 


SUMMARY 


The paper deals with the widespread progressive muscular atrophy 
of infants and voung children due to a spinal lesio The pape 
based on the clinical and pathological examination of eight cases 
These, on pathological grounds, are divided into three classes 

(1) A type of case in which progressive muscular weakness occurs 
during the first week or month of life, gradually progresses, and t 
minates in death after a variable period of weeks, months, or vears 
Sometimes more than one member of the family mav be attected The 


pathological change f 


nd in these cases is a degeneration of the lowe 


motor neurons, the character of the change depending on the time afte: 
the onset of the disease at which death takes place The type cor 
sponds to the cases described by Werdnig and Hoffmann 

2) A type of case in which progressive muscular weakness and 
atrophy begins somewhat later in life, after the child has already walked, 


and slowly progresses till death occurs from respiratory failure or 


pneumonia. The pathological changes found in such a case resembk 
those found in a toxic neuritis. 

(3) A type of case in which progressive muscular weakness and 
atrophy begin in later life, after the child has already walked, slowly 
progresses, and is attended by a widespread myelitis of the spinal 


cord, 
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Six of the recorded cases are assigned to the first group, one to the 
second, and one to the third. 

The literature is then considered. Ten cases belonging to the first 
group are at present on record with a pathological examination; two 
recorded by Werdnig, three by Hotfman, two bv v. Ritter, one by 
Bruce and Thomson, one by Beevor, and one by Armand-Delille and 
Boudet 

Of recorded cases assigned to the Werdnig-Hottmann group without 
in autopsy, the writer is unwilling to accept those of Senator, Bruns, 
luanve, and the s nd ca of Wimmer’s, but would accept Wimmer’s 

St nd tl by Sevestre 

| ! from cases of 
prin Inyopatl nad retere et ( es recorded 

Finkelnbui ! ! signed to 
pu but } eical ground hown to 
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examination nothing 
the visceral or nervous 
the right phrenic, let 


examination. 


The exan ination of the tissues was earried out by he Mare 
Weigert-Pal., ind Van Gieson methods 

Microsc pric il The cord by thre Mareh 
showed at the level of a third sacral segmet marked d neration in 
fibres of the grey matter of the anterior horns (fi These deg 
arising from the cells of the anterior | for bundles whi Cul 
passing through the white matter of the cord to uvds the yy pire 
they form, after their ey rom the e thre teriol ben N 
degenerate fibres can be seen in these nte s (figs. 2 dl 3 
of both anterior horns e about ¢ ju ly tleeted e cells t 
horn appear for the most part normal and show no evidence of pig 
or degeneration It is t possible to 3s » « cells 
degenerate tibres aris from them t ! ! N cle ! 
could be seen in the ant late | tracts ot hove 
whic vere passing outwards to the ant . Nos 
however, aleve erate fibres ¢ 1) ! @ ste ) 
also in the poste ts ho thit ‘ | ts 

At the level of 1 t al imb | ! pres 
degene ol e fil fil {ro rite Ne thy 
roots \ few degene te fibres were also present s 
roots 

At the level the first lumb less 
few cle Jenerate tibres cat now he see t m ot Cl ke's 
although thev cannot be traced to the dire ( eb ( ‘ e\ 
that direction, and seattered degenerate tibres can be seer 1 this ot 
degenerate tibi sare pres nt ilso thre Pos ( | na ts 

Throug! mut t aors ve ! but little leg ( ly 
There are a few degen te fibres t | sO 
posterio col mys but the ells of Cla kes co ap) rma 
are no degenerate fibres in that re n 

At the level of the first and seeond dorsal si ents «i erate fil 
more NUMerous lat the level ft cervic i! seu 
degeneration is again present in the grey ut te ol el hort 
The degeneration Is more ked about the med » of cells 
about the lateral sroup. In the posterlo columns there aré¢ ( ( 
fibres, whilst there are practically no degenerate fibres in the anter: 
tract. All through the cervical region there is considerable degeneration 
however, becomes less marked again in the upper cervical segments 
au small bundle of fibres situated at the roo f t posterio rn 
contains degenerate fibres: this can be traced from the seventh cervi 
ment upwards to the lower portion of the medulla, where it apparent 
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By the Nissl method the cells of the anterior horn appear numerous, and 


for the most part well stained. Here and there individual cells may show 
some chron itolys s, but the greate part of the cells are normal, both as to 
nul und characte (Figs. 5 and 6 
By the Weigert-Pal method the cord appears normal for a child of this age, 
Itho 1 the pyral tial wcts e not tuily medu ted 

by t \ (aleso t there evidence of vascular or interstitial 
Cha 

ra No « ( ld be ind e cortex of t cerebral hemi 
S} s, in the cerebellum, « . In the lulla a degenerate 
tibres can bes se ot th Wwe nerve 

The peripheral 1 t phrenic, the left sciatic mediat 
examined by Mar ! Md, dot ny a ! nd also appear 

The | musel ! sho nyo n el muscle-tibres 
ire int Tat condition, there 1s » fib Ss, ana ntra 
place 1 ! nves pres similar to 
those see diplit tic } lyvsis—-vl degene the myeli 

( \\ ed we \ { ) eN Hos) | 
\ lé I ! this ( nad 
lied ths, the ed at 7 clied 
+ +) +} 

The « ther he lal nd | g 

On « { s complete flaccid pa SIS | 
\ ef] Were ul 

t! ( ! ( ( on cro 
scoplie eXaminat ! figs. 7 and 8) and 
| if ( | } t ( BRAI L902 
x 
( | ) \ i! ed to tl ( ildren’s 


Hospital, Great Ormond Street, under the care of Dr. Penrose, in October, 1901 
}] ® ] Iplessness was first ticed one week after birth, and 
had ste t1i\ e limbs wasted and the bre ithing became 
difficult There was some difliculty in swallowing at times. The ehild is the 
fourth of four e li The first is alive, aged 4, and is well. The third child 
died at 5 months and is said to have had a similar condition to the present 
} patient 
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Present condition. The child hes on its back, erving feebly, but « pLlovil 
all its facial muscles. There is no facial asymmetry. The thorax is quite 
motionless in breathing : while the abdomen moves lreely. There is rkecd 
Wasting ol the snouidel museles ana hose Ol Lhe ( ll Cat 
apparently ao nothing except re oa moveme! of the toes | » fore 
»e@:npable of being feebly pertorn i, thoug child does ! 
above the shoulders The wrists drop The ¢ Lis ~ 
oO sit up, and when raised e head falls abo helplessly 
Is wed in the} Isc | e move el S eVes 
ppeal nor | ( lee} rel Cs ( ret Dive ( 
it pe leited, Is ll e direc ( e extens ol ne s | 
«red, No} [ \ s ol 
ut months, due to vat birt On ed ot tubere 
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Pha developed | One -pheumMonia and dled ma lew adays. 
| \t Lhe LULOpPs) there Was extensive broncho pheumonla Tl ere 
ked lateral curvature of the spine to the left. The spinal cord and mem- 
Hes wppeare | ere Was no Wasting the Brain appeared 
mal. All the muscles very pale, but trophied. Diaphragm looked 
color 
Pail Phe « | s examined by the Marchi, Nissl, 
Van Gies et The cells ! cord ay to be tairly 
| s «lk ppear ily 
e ant to that Case 1, but t 
( en, Great O nd § Dr. G , 1910. He 
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I saw the boy in June, L910, and from tl e clinical features came to t 1 
conclusion that the case was probably one ot ol 
failed to recognize Lhe progressive nature of the Gase and attribute | nis ¢ 
tinued weakness to the fact that he had been kept for a year in a Phelps’ b 


On July 8 he had some retention of urine, which was relieved by the cathet 


leveloped, inal the ehild died on Septembei 

The showed sol patchy bron -pNneumMol The n 
spinal cord appeared no | to the naked eve, except that the nt lor 1 ts 
Lppeared smaller than 1 ! The posterh ts ell velo] | 
spinal cord was examined by the Marchi, Weigert-Pal, Nissl, and Van Gies 
methods. 

By the Mare lL method pract cally no recent cdegenerat ( 
There were in the grey matter of the anterior horns in the cervi ( 


stooping she was unable to the uy POs ! 5 i im 
ol irvine and teces The sild to he l flected ! ( 
ible to feed herselt The had be no const ional svmptoms 

Seven weeks late s becar eak, causing r ad neu) 
ersel Cher Wis tabilitv, but no evidenes pain 

She is a bi t ntelligent, and well irishecdt ¢ ld she can ! \ ner 
legs, but cannot stand There is weakness of both delt dS, but the rearn 
muscles are ood The eranial nerves optic ciscs, { trunk 1 scles 


fees 
| 
| 
we 
* 
ee fibres which showed degeneration, but they were very few In numbe 
By the Weigert-Pal me d the whole e white er e 
Liile ul racts Was le} n the poste eolumns, bu ! ct it 
to be definitely iffected There was no dn ! he size e 
matter, an e mecdullated res il e grey ppeared 
The most striking feature was the si IIness of the anter! ots s 
Wit! the ste ) nad ti ent ctl ! ot til Cs | ( st 
dae eo change was to be see n sections stained by the Nissl and \ Gies t 
e absence otf cells ! the s, pot tive rl ( 
can generally b seen, bu e other celtis are si} }} ( 
only about halt SIZE ¢ 1 \ ( ve | 
of sections in the lumbar re nm, thev average out about te ection, ere 
Pie of ‘ the state of attairs. fo the size {f the eells in this cord 1s some t 
Cause Hetty M., aged 3, the voungest of ) ulthy ¢ el 
ile sae admitted to the Children’s Hospital, Great O md Street, under t ca 
Dr. Voeleker, in October, 1908. vas healthy at birt und well up till te 
WeeCKS £0, Was noticed one ning ha she ) I 
rs eee properly and fell backwards into a sitting position aft ‘ ew steps. O 
| 
“a 
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absent, but the 


\ll the deep retlexes are 


lantars give an indefinite response. 


there was definite inerease of musculai 
erless, only movements of the fingers and 
Lined The back muscles were weak, and 


exity to the right. The legs beeame weaker 
ness of the right side of the face developed. 
ere Was the reac n ot deve? n in the 
~ ssion ( hospital, e Was a 
lecould no et t hand up to the mout} 

5 Wwe stil ibsel This improvement was 
The ikness then Cain to increase, 
becan Hecte und in October, 1909, 

ite admission to the hosplt nd fourteen 
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The peripheral nerves examined were those of the sciatic and b 


By the Marehi method \ very considerable amount of degenera 1 ( 
mvelin sheath could be seen. This was more } ked in the nerves 


brachial plexus than in the sciatic 


| 
Vit 
| | 
| plexus. 
4 
peer By the Van Gieson method: The same nerves appear perfectly ne | 
ere is no evidence nterstit il nflan L 
1 | | | 
The musele-tibres of the diaphragm show most marked tatty t 
when stained by the Marchi method 
ee: changes found in this case nt to a tor egeneratlol t 
The ies fou 
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THE INDEPENDENCE OF THE PERIPHERAL SENSORY 


NEURONE IN VIEW OF THE RESULTS OF ENPERI- 
MENTAL SECTION OF THE OPTIC NERVE IN THE 


RABBIT.’ 


(1) O} 

(ii) H il M 

( 
) Dis R 


ALTHOUGH in the general sens ne may accept the neuron 
theory, viz., that the nervous system consists of innumerable ana- 
tomically independent cellular units, the processes of which exist in 
contiguity, but not continuity, with each 
relationship and interdependence of the neurones is a problem as 
yet unsolved. This is specially the case as regards the periphera 
placed neurones. The object of the present investigation was 
throw light upon the question. The retinal neurones were selected 
for the purpose of experiment, the plan being to separate them 
from their central connexion by section of the optic nerves, without 
interference with the vascular supply of the retina 

In the retina the cells of the peripheral neurones are those of the 
outer and inner nuclear layers, and, although the small size of thes 


neurones renders them more difficult of observation than could be 


The expenses of this re 1 were defrayed b nt 1 the ¢ rie 
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esired, yet the comparative simplicity of their structure makes the 


istological examination tolerably easy. 


The cells of the ganglionic layer, on the other hand, are conspicuous 


their size 


and structural definition, and their condition was studied 


each ¢ Xperime nt. 


of the Visual Peripheral Sensory Neurone. 


develops as a hollow outgrowth from the primitive fore- 


C*ntode 
The retina 
in, the stall 
ptic nerve Tl 
er, and are 
muli through 
emina, corpora 
il corte 
entally part of 


vhich connects these two structures persisting as the 


inglion cells are the cells of the innermost cellular 


connexion with the optic nerve-fibres which conduct 


the various stations of arborization (corpora quadri- 


eniculata externa, and optic thalamus) to reach the 
retina, optic nerve and optic tract are thus deve lop- 


he central nervous system. 


With regard to the relations of the retinal elements, two views are 


fat 
re in 


tter of 
nd tl 
i> 
Lill 
wl 


work 


] ] 


to the one which is advocated by Barker |4) the 


he inner nuclear layer are analogous to the spinal 


s of the dorsal roots, the ganglion cells of the retina 
reurones of the second order (/.e., the neurones of the 
spinal cord), One must not drive such a comparison 
alternative view, that the ganglion cells of the retina 


he dorsal spinal ganglia, is more generally accepted 


of the inner nuclear layer are the peripheral sensor 
have their peripheral processes in contact with the 
f the still more peripherally situated cells of the 
vel It is the aim of the present investigation to 


the neurones situated distal to the site of injury in 


itions Of space it 1s np ssible to ceive a critical review 


iture bearing upon the present research; a biblio- 


ore essential of the published works will be found at 


With regard to the experiments performed 


ction of the optic nerve has formed the subject of 


ations. The results of these experiments are of little 


to us, since the purposes for which the investigations 


were other than the present, and the histological 
earlier workers at least—-were inappropriate. An 


ver, is to be made in the case of Birch-Hirsechfeld 
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bipolar cells of 
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entral process 
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follow the fate of as 
tne opt Cc nerve. 
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were instituted w pale 
methods—of thi 
exception, 
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8|, who published in 1900 the first of a series of retinal experiment 
including section of the optic nerve. 

The value of his work is enchanced by the fact that he emplov 
the Nissl method, and described the fine histological appearances 
minute detail, so that his results have been taken as a genide in tl 
present investigation. He covered a wide field in his experiment 
investigating the behaviour of the retina in the rabbit under t 
influence of different pathological conditions, viz., electrical and thern 
stimulation, section of the optic nerve, and poisoning with various dri 
(methyl-alcohol, nicotin, quinine, Xe. 

The results he obtained from section of the optic nerve must n 
be summarized more or less in detail 

His operations were performed as far back as possible in the or! 
in order to avoid injury to the vessels. In some cases he operated f1 
above, by means of a knob-pointed knife, and, although the operat 
was practically bloodless, the ophthalmoscope showed almost immedia 
contraction of the retinal arteries. In one case he cut the nerve intra 
cranially, close to the optic foramen. 

In his anatomical investigation he found considerable diverge 


from the normal fifty-five hours after Ope ration, When chromat Ivsis |} 


already begun in the ease of the ganglion cells. The chromatin clan 
had lost their sharpness of outline. The nucleus was large, swoll 
diffusely stained, and often almost touched the cell wall | 

of the internal nuclear laver were small, full of chromatin, and oft: 
irregular in outline. The cells of the outer nuclear laver were roundis! 
devoid of edge-crenation, and showed only partial cross-striping. Cases 


exumined at five, ten, and fifteen days after operation revealed stil 


further advanced chromatolvsis, shrinking of the ganglion shown 


by the increased pericellular space) and its nucleus. The normal! Niss 
granules had been replaced by a darkly staining, badly defined, crumb 


ling mass, or were altogether wanting, their place being taken b 


vacuoles of different sizes. He emphasized the fact that these vacuoles 


were absent from the control. 


Valuable as are these results, it was felt that as his attention hi; 


J 

J 
J 


been chiefly d 


resent inve stigation Wis to study the ripheral neurones, a turthe 


series of experiments Was cdesirabie. 
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Part I1.—PRESENT INVESTIGATION. 


A. Results of Experimental Section of the Optic Nerve. 


(7) Ope rative T chnique. 


The operation was performed with the usual aseptic precautions 
nd under full anesthesia. The animal having been placed in a good 
cht on the operating bench, the eve to be operated upon (in all cases, 
cept one, the right) was douched with tcpid sterile water. The 
mjunctiva was picked up in dissecting forceps, and was incised in 


line parallel to the corneal mMarein, and situated about 4 mim. from it. 


(his incision extended for about 1 em. on either side of a_ point 
pposite the middle of the supra-orbital Inargin 
The wound was then deepened by gentle separation of the con- 


inctiva from the underlying structures, as far back as possible. The 


uperior rectus muscle was sometimes divided, but in many cases this 


was not necessary. The ‘corneal’ flap of the wound was then grasped 


fixation forceps, and the eyeball rotated downwards. By gentle 
anipulation the eye was raised out of the orbital cavity (it was some- 
mes necessary to divide the outer canthus at this stage, if the palpebral 
sure was small), turned sharply downwards and retained in this 
sition by the assistant. In this way the optic nerve (which in the 
ibbic enters the sclera above the horizontal meridian) came to le high 
ip in the wound, and the nerve after a little careful dissection could 


isolated The dense tissue of Tenon’s capsule which forms a 


funnel-shaped investment for the nerve is hable to cause trouble 


t this stage, and the delicate vessels are easily damaged in making way 


it 


through it. The nerve appeared as a slender glistening white cord and, 


having been lifted up on the tenotomy hook, was divided far back 
¢.. clear of the central vessels) by means of scissors inserted, close d, 
ind then opened merely enough to include the nerve. When traction 


was removed, the eyeball readily slipped back into the orbital cavity. 
Hamorrhage, when it occurred, as a rule, took place at the stage of 
deepening the original incision, ¢.¢., In the region of the anterior vessels 
of the globe. It was usually easily controlled by pressure. The hamor- 
rhage which was met with when the nerve was divided was no doubt 
due to the inclusion of some of the branches of the céntral artery, but 
was of infrequent occurrence, and was soon controlled In a few cases 
ulceration of the cornea ensued, due either to slight abrasion at the 


time of operation or to an atrophic condition, the result of lesion of 


XXNXIII 
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ORIGINAL 


some of the long anterior ciliary nerves. The ulceration subsided 


a few days (under boracic douching), leaving a small leucoma 


In all cases total and permanent blindness of the eye appeared 1 
follow from the operation, although the difficulty of estimating 11 
amount of visual perception in a rabbit makes one reserved in an 
statement regarding the physiological condition.! | 

The pupil, which usually contracted toa pin-point at the moment 
division of the nerve, gradually dilated, and remained semi- or full 
dilated and inactive to light. Ophthalmoscopic examination of th: 
fundus never revealed more than some slight narrowing of the retina 
vessels, with pallor of the “ medullary rays” in the late stages 

The experiments recorded are those in which section of the opt 
nerve was uncomplicated by injury to the retinal vessels, or by lasting 


inflammation 
Histological Methods 


In every case the same treatment was adopted for the control as ft 
the experimental material. 

Firation.—For successful demonstration of the Nissl granules, the 
most satisfactory fixative was alcohol (50 per cent. to 75 per cent.). The 
tissue remained in this from a half to several hours, according to the 
size. Dehydration in several changes of absolute alcohol. Clearing was 
least injurious when carried out in cedar-wood oil. Other fixatives 
employed, with less satisfactory results, were: HgCl, (saturated saline 
solution), formol-saline (10 per cent. formalin in normal saline solution), 
and picro-formol (saturated watery solution of picric acid 75 parts, 
formo! 25 parts, acetic acid 5 parts). 

Staining.—Nissi vranules in every case were stained by toluidin blue, 
no counter-stain being employed. (Methylene blue and thionin did not 
yield good results.) 

Other stains for general demonstration were hemaluim and eosin 
und Weigert’s rapid iron-hematoxylin method 

Silver impregnation. —The chrome-silver method of Golgi was un- 


successful in these experiments, although a fair amount of success 


was obtained in the case of the ox-retina. 
The method of Cajal (formula ID) produced very beautiful results in 


The method adopted tha ashi righ opl ult I 
mirror on to the eve in the dark room I response which, in the case of the control, wa 
immediate, although not verv vigorous, and consisted in twitching of the eyelids and 


shunning of the light, was fouud to be entirely abseut in the operated eve. 
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was seldom satisfactory in control and 
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experime ntal 


hod of sublimate and bichromate impregnation was not 


iIntra-Vitam method (Dogiel’s modification 


methvien 


tion was emploved successfully ino one or two cases, but 


ch practical value in these experiments 


ntal Details 


/ \dult) albino Thirty-four hours afte 


‘changes were discovered in the operated eye 
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Microscopic examination.—The outer layers of the retina showed 1 
abnormality in the operated eve. ‘The nuclei of the rods showed tl , 
chromatin arranged in the usual form of twin masses separated by 
considerable interspace—an arrangement which may be described |} 
the term “cross-striping.” The fine serration of the edges of the 
masses, due to the presence of fine strands of chromatin passing « 
to the cell membrane across the intervening space, for convenien 
of description may be designated as * cog-wheel” markings. In tl 
operated eve these features were as distinct as in the control. Tl) 
larger and more complex nuclei, generally looked upon as belong 
to the cones, showed no variation from the normal, having the typica 
arrangement of the chromatin (/.¢., three or four masses with ecru 
form interspace). They were much less numerous than the rod-nuck 
The cells of the internal nuclear layer were normal and showed th 
chromatin arranged in the form of a loose, tangled, granular skei 
or network. 


] 


With regard to the cells of the ganglionic layer, a certain amount 


! 


of blurring of the outline of the Nissl bodies was met with in the 


and diffusely stained being fairly common. Most of the cells, howeve1 
in the control showed a high degree of ditferentiation of chromatin 
which was practically never met with in the operated eve. 

The fact that one found in the normal many cells exhibiting t] 
phenomena which, in the case of the cells of the central nervous systen 
are usually classified as pathological (viz., eccentric position of the nucleus, 
diffuse staining of the protoplasm with blurring of Nissl bodies, vacuola 
tion, enlargement of pericellular spaces), led to the conclusion that 
such phenomena must either be due to artefacts or that they wer 
themselves an expression of phases of functional activity. 

Eaperiment 11d. Adult: black-and-white rabbit. Forty-eight hours 
Operation practically bloodless. No inflammation ensued Fixation in 
10 per cent. formol-saline and in Miiller’s solution. Staining by toluidin 
blue and Weigert’s iron-hematoxvlin method. 

Micros pic The ganglion cells in both retine wer 
frequently profusely vacuolated, and pericellular spaces were well marked 
The chromatin granules showed little or no variation from the normal, 
but the number of atypical cells (¢.¢., those which show diffuse staining 
of the protoplasm, vacuolation, &c.) was greater for the operated than 


for the control eve. The outer layers were unchanged. 


operated eve. Conside rable variation in staining power was to be see1 
in the control, instances of cells in which the protoplasm was deep! 
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Laperiment IV.—Adult albino. Seventy-two hours. There was 


me hemorrhage early in the operation, which was easily controlled. 
inflammation ensued. Fixation in 50 per cent. alcohol. Stain- 

by toluidin blue and hemalum and eosin. Silver preparations 
nsatisfactory, 


Microscopt In the sections the line of division was 


inglion cells were on the whole well preserved, some of them showing 
rly well defined chromatin bodies There was, however, evidence 
a certain amount of shrinking in the cells of the operated eye as 
mnpared with the control In the cells of the latter there was a clear 


: en to be behind the entrance of the vessels into the nerve. The 


pace around the nucleus, whereas in those of the operated eye this 
pace was often reduced by the shrinking of the cell, so that the cell 
ippeared as a more ov less dense ring-like band of chromatin encircling 
the nucleus The cells of the outer lavers showed no variation from 
normal. 
Kaperiment V.—Adult black-and-white rabbit. Four days (fig. 2). 
J Operation without hemorrhag No inflammation followed. Fixation 
1 50 per cent. alcohol. Staining with toluidin blue Silver impregna- 
tion successful for the operated, unsuccessful for control 
Vicroscopic excamination.—There was on the whole no great abnor- 
There were often tol rably well pres rved 
lls in the ganglionic laver, but definitely “normal” cells occurred 
only in the control. The outline of the chromatin bodies was not 
it any time so sharp in the operated eve as it was in the control, and 
there was evidence of condensation and shrinkage in many of the 
cells. The other lavers were normal. ‘The silver preparations in the 
yperated eve showed numerous fine varicosities in the fibrils of the 
nternal plexiform lave The broad, ribbon-like bands of the external 
iver were well demonstrated. The silver preparations of the control 
» Were successlul 
Kapertiment VI Adult black rabbit. Seven davs. There was 
light retrobulbar hemorrhage at time of operation, and slight 
transient conjunctivitis ensued \t the time of death the eye appeared 
normal Fixation in 50 per cent. alcohol and = Miiller’s solution. 
Staining by Weigert’s iron-hwmatoxvlin method toluidin” blue. 
Silver preparations were successful in both control and operated eye, 
but no striking difference was revealed by this method. 
Vicroscopu eramination, In the ganglion cells of the operated 


eve the chromatin granules were small and had a tendency to become 
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(a) Operated. Tol. B. Photomic. 700, SI 
diffuse staining. Ihe iter lave 
(b) Cont lol. B. Photomie 500, Al h unde 
(a), the m cells show much greater detail of struct 
rather unfavourably wit 
(c) Operated. ol. B, Photom 950, T 
(d) Conti Tol. B Photomic. 950. Outer laver 
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(a) Operated. Tol. B. Photomic. 
marked c1 ss-stripi ind cog-wheel in the outer nu 
(6) Control. Tol. B. VPhotomic. 1,000. Showing « 


| than in (c). 


less normal ’’ 

(c) Operated Silver 
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in optic fibre (below) 


plexiform layer. rhe 
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broken up into fine dust. When the granules were large they ha 


rather badly defined edges. Occasionally large, fairly well preserve 
ganglion cells were met with, but they were never so large or so we 
differentiated as the large cells of the control. ‘The other layers wel 
normal. 

In the silver preparations the varicosities of the fibrils of the cellula 
processes were most marked in the operated eye, being almost absen 
in the control. The processes of the ** horizontal cells” of the intern 
nuclear layer were specially well demonstrated in the control. 

Experiment VII—Adult albino. Eight days (fig. 3). Operation 
bloodless. Fixation in 50 per cent. alcohol, and in Miiller’s solution 
Silver impregnation successful in the operated eye, failed for the con 
trol. Staining with toluidin blue and Weigert’s iron-hiwmatoxylin 

Microscopic eramination., Well-pre served canglion cells oecurre 
much less frequently in the operated eye than in the control. The cell 
of the former were usually pale-staining, with finely divided chromatin 


The pericellular spaces were more pronounced in the control thar 


in the operated eye. The outer retinal layers were normal. In _ the 
silver preparations varicosities were occasionally met with in- th 
tine fibrils of the inner plexiform layer. The fibrils of the externa 
plexiform layer were seen to end in a rich anastomosis around tl 
cells of the external nuclear layer. The protoplasmic processes of thi 
ganglion cells were devoid of varicosities. 

Lxperiment VITI.—Adult albino. Three weeks (fig. 4). There wa 
slight hemorrhage during the operation and a corneal ulcer developed 
This cleared up, and, at the time of death, a small scar only remained 
on the otherwise healthy looking cornea. Fixation in 50 per cent 
alcohol. Staining with toluidin blue ; hwmalum and eosin 

Vicroscopic eramination In the control the number of “ atypical’ 
ganglion cells in this case was considerable, but at the same time ther 
was a preponderance of typical cells. In the operated eye, on the 
other hand, one rarely, if ever, met with a typical ganglion cell, thi 
best preserved cell consisting usually of a peripheral ring of small bead- 
like granules surrounding a densely stained nucleus. The outer layers 
were normal 

Sections stained with hemalum and eosin showed the presence of 
a considerable amount of inflammatory exudate with giant cells around 
the stump of the optic nerve. It is probable that the pronounced 
atrophy of the ganglion cells in this case was partly due to the 


inflammatory conditions and not solely to division of the nerve, although 
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from the fact that the outer lavers were unaffected we did not reject 
the experiment. 

Erperiment 1X.—Adult albino. Three weeks (fig. 5). Operation 
thmost bloodless. No inflammation ensued. Fixation in 50 per cent 
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alcohol, in a saturated solution of HgCl,, and in 10 per cent. formol- 
saline Stainine with toluidin blue 
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granules were almost entirely absent from the operated eye. 


frequency in the operated than in 


were normal 


(i) Fixation in 50 per cent alcohol 


a 
a 
me 


| 


Fic. 5.—Exper nt IX Three \ 
(a) Operated Tol. B. Ph 
somewhat diffusely stained and have feebl pi 
(a') Same 
Conti is In vil ! gar 


Sam 


AND CLINICAL CASES 


the control eve The outer lave 


&> 
2 
mi 
| 


Vacuol 


tion and enlargement of the pericellular spaces occurred with no greate 


There was a general tenden 


ty 
> 
rae ee 7 
Re 
| 
te 
| 
| 
100. Ss \ nall unglion cells which ar 
cesses. The outer layers are normal 
iwlion cells, and outer layer 


INDEPENDEN( OF THE PERIPHERAL SENSORY NEURONI 177 


» clearer definition in the cells than was the case in fixation with 
HeCl, but the same relative differences existed between the two eves 


in the forme 


Fixation formol-saline There were appearances of pro- 

minced vacuolation in the ganglion cells of both eves. The sharpness 

f intranuclear definition was less than that obtained by emploviment 
f either of the preceding methods, but the difference between thi 


invlion cells of the two retins was maintained as in the forme) 


¢> 
¥ 
} 
By the formol-saline method of fixation one particularly well 
demonstrated the c of the innermost stratum of the internal nuclear 


laver (? amacrine cells of Cajal) which were arranged at intervals from 


one another, each cell showing a distinct downgoimg protoplasmic 
process containing chromatin These cells were slightly more con- 
spicuous In the operated than in the control eve, and were possibly in 
\ centrifugal tibre 


ent white rabbit Six weeks (fie. Operation 
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practically bloodless. Slight corneal inflammation ensued whi 
resulted in a small leucoma at the lower part of the cornea. At t 
time of death the eve seemed otherwise normal. Fixation in 50 } 
cent. alcohol. Staining with toluidin blue and with hamalum ai 
eosin. Silver tnpregnation unsuccessful. | 
Microscopic ( ramination. In the ha malum and eosin specimens I 


ganglion cells of the operated eve were seen to be much reduced in 


. 
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Fic. 7.— Exy ment XI I \ t ft } 
(a) Operated. T B PI Note t i ay 
scanty ring of protoplasm aroun situated lls of t 
= ar rn 1] ] 
nuclear layer are normal The cells « r la tined and 
less definition than in the control iti ‘ iping ” 1 
wheel” arrangement 
(4) Control as in (a Showing deeply stained inglion ee ! 
which tend to become rarefied. Not urkir of 
laver In this case the slides to be ! f ! \ } reg 
both, as will be seen from the mark ganglion cell t ( ] 
the points illustrated are borne t exam l 


The nucleus was often all that remained to represent the cell. Thes 
nuclei were irregular in outline and were very densely stained. In thi 
toluidin§ blue specinens the cell body was diffusely stained, or the 
chromatin was in the form of dust-like particles The cell process 
were attenuated and tape red off sharply close to the cell body Th 


cells of the internal and external nuclear layer appeared normal, except 
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for the fact that occasionally the cone nuclei in the operated appeared 
somewhat smaller than in the control. 

Experiment XI.—Adult albino. Fifteen weeks (fig. 7). There was 
practically no hemorrhage during the operation. No inflammation 
ensued. Fixation in 50 per cent. alcohol, in saturated solution of 
HeCl, and in formol-saline 10 per cent. Staining with Weigert’s iron- 
hematoxylin and toluidin blue. 

Mu ¢ ramination, G) fixation. The ganglion cells of 
the operated eve were very much shrunken, and were diffusely stained. 
Differentiation into granules was scarcely ever met with, the ground 
substance being always diffusely stained Vacuolation when present 


was less frequent in the operated than in the control eye. Pericellular 
spaces were not well seen. There was slight impairment of “ cog- 
wheel” marking in the cells of the outer nuclear layer, but “ cross- 
striping was present. Inner nuclear layer normal. 

(ii) Fixation in 50 per cent. aleohol. Occasionally the affected 
ganglion cells showed indication of granular structure, but at best the 
oranules were small and dust-like The pericellular spaces were more 
conspicuous than in (i), and were of less frequent occurrence in the 
operated eve than in the control. Vacuolation was rarely seen in either. 
The cells with their processes were on the whole more sharply outlined 
both in operated and control than was the case in fixation with HgC.,. 
No abnormality was to be made out in the inner nuclear layer. The 
outer nuclear layer showed slight loss of *‘ cog-wheel”” marking and 
cross-striping. 

(ii) Fixation in formol-salins Vacuolation was rather well marked, 
occurring on the whole with greater frequency in the control. Staining 
was not so satisfactory for operated or control as in (i) or (ii). 

Lrperiment XII Adult albino. Sixteen and a half weeks (fig. 8). 
There was slight hemorrhage during the operation. No inflammation 
ensued Fixation in 50 per cent. alcohol, Staining with toluidin blue, 
hemalum and eosin. Silver impregnation was highly successful in the 
control, but failed in the operated eve. 

Mi rOSCOplec eramination The canglion cells in the operated retina 
were much shrunken (although no enlargement of the pericellulas 
spaces was visible). “ Normal” ganglion cells were entirely absent. 
Staining was, asa rule, very diffuse, although occasionally a dust-like 
condition of the chromatin occurred. In the latter case the dust-like 
particles were met with in the centre of the cell, and were surrounded 


by a row of somewhat larger bead-like chromatin granules near the cell 
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margin. Thecell processes were much attenuated, being often unrecog- 
nizable. The cells of the internal nuclear layer in the operated eve were 
perhaps paler than in the control, and the cells which were described (in 
Experiment IN) as being in connexion with centrifugal fibres (amacrine 
cells) were particularly definite. The cells of the outer nuclear layer 
ippeared unchanged, except for a slight blurring of the chromatin as 
compared with the control. 

Silver impregnation was successful in the control, and it 1s to be 


noted that the fibres of the plexiform layers were devoid of varicosities. 


NIII 
y stained 
ntrol 
( 


iment NITI long-haired adult grey rabbit Thirty-eight 


and pe r cent lcohol. Silver Was unsuccessful, Stain- 


ine with toluidin blue and Weigert’s 


(i) HgCl, fixation. In the case of the control beautiful fixation of 


weeks (fig. 9 Operation was practically bloodless. Fixation in HgCl, 
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the 


anglion cells was obtained by this method, the Nissl granules being 
plumper and slightly less well defined than in alcohol fixation At 
some parts of the operated retina the ganglion cells were non-existent 
At other parts of the retina they were represented, but only by small 
cells diffusely stained, with eecentric nuclei; or by paler cells with fin 
dust-like particles of chromatin The processes of these cells were 
tapering and ended off sharply close to the cell. The internal nuclei 
were well preserved. ‘* Amacrine ” cells were not conspicuous in these 
specimens. The cells of the external nuclear layer showed evident 
“ cross-striping and “cog-wheel” arrangement, and appeared almost 


normal. 


(i) Formol-saline fixation. Vacuolation was very pronounced, 
especially in the ganglion cells of the control Pericellular spaces were 
no less pronounced in the control than in the operated eve. ‘The ganglion 


cells in the operated eve were alimost universally shrivelled and diffusely 


stained. Occasionally a large ghost-like cell was met with. Owing to 
somewhat pale staining of the cells of the internal nuclear layer thi 
‘*amacrine” cells were often conspicuous. The cells of the external! 
nuclear laver were often lacking in the typical features of cog-wheel 
marking and cross-striping, but as the same characteristics were met 
with in the control the defect was probably one of fixation only, 

Note.— Of the other experiments performed in this series, three were 
rejected on account of severe hemorrhage at the time of operation, the 
nerve having been divided of necessity rather blindly owing to difficulty 
in isolating it from the adjacent structures. ‘Two experiments ended in 
phthisis bulbi. Three cases were discarded on account of unsatisfactory 
fixation (picro-formol) and eight were lost through the occurrence of 


incidental disease in the rabbits 


ia) Dis of Res (fs 


A numerical estimate of the cells of the canelionic laver in the case 
of the operate dl eve as compare d with the control appeare d to be of some 
value in forming an idea of the proportion of ganglion cells which had 
perished in the course of the experiment. The method of carrying 
out the attempt was the following 

(1) As nearly as could be accomplished the same part of the retina 
was taken for control and operated eye. 

(2) Owing to the difficulty in arriving at an idea of what were cells 


in a state of perfect preservation as compared with others less well 
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pres rved, the an was adopted of including all the vanglion cells which 
were present and could be recognized as such, with a view to finding if 
there were reduction in their number in the operated eve. 
3) Estimation was made by means of the eye-piece micrometer, the 
he unit being *2 min., with ultimate calculation for 1 mim 


Thus we see that throughout the series a considerable reduction was 
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to | assumed from a serutiny of the table given above. When 


deveneration of the ganglion cells took place the first to disappear were 
the smallest cells. These cells were not always distinguishable from the 


other cells of the ganglion and nerve-fibre layer, and even from small 
inflammatory cells (lymphocytes), so that in the early cases one may 
ts—e.y., in Experiment IV, in which 
n increase in cells was obtained. This increase may be explained 


r the rule, a reduction which was a confirmation of the descriptive results 
| ceiven in the text That some disappearance of cells had taken plac 
rTABLI 
\ f 1 f t t 1 f t a 
t n 65 iowest 
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| ur r in tl ted eye 7 ar ler msi, 
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by the fact that the region of retina examined in the operated 
eve was not strictly analogous to that of the control. In the late 
cases where there was less probability of the presence of inflammatory 
cells, whatever error there might be in the inclusion of extraneous cells 
was lessened, but always one was inclined to make one’s enumeration 
somewhat larger than the actual, owing to the dithiculty of differenti 
ating degenerated ganglion cells from small neuroglial nucler and 
Ivmphoeytes. 

In the case of the control, however, such confusion was not met 
vith, since the ganglion cells were better defined and more easily 
distineuished. In this wav the numerical results may be taken as 
somewhat wader-estimated, so that the reduction obtained in he 
retina of the operated eye was even more substantial than it appears 

Thus we see that as early as forty-eight hours after operation certain 


lion cells were to be recognized. These chang: 


changes in the 
consisted in a loss of perfect definition in the chromatin granules, 
probably due to the fact that the ground substance of the c 
up the stain to a slight extent Degeneration apparently didn 
progress with extreme rapidity, the condition not being much more pro- 
nounced at eight days than at fortv-eight hours. This is of significance 
when compared with the early chromatolytic changes described by Nissl 
and others, in case of peripheral nerve section. At three week 

however, degeneration was definite and became more pronounced wit] 


the lapse of time, till at thirtv- iwht weeks the longest time allowed 
degeneration was practically complet 

Owine to the large range of variability shown by the retinal canelion 
cells in the control eves, one is diftident about drawing conclusions 


regarding the signiticance of the so-called “phenomena of degeneration 
Adopting, however, as normal the appearances which in the control 
occurred with the greatest frequency, one endeavours to estimate m 
only the frequency with which the frankly abnormal types occur in 
the operated eye, but also (which is of more importance) to determine 
whether or not it contains “normal” cells 

Degeneration apparently attacks the medium and small cells at an 
early stage, and my observations were throughout the investigation 
chietls col fined to the largest cells. The stnalle celis are 
especially liable to accident in the course of histological preparation, and 
are frequently of abnormal appearance even in the control In any 


case, one must neglect the condition obtaining in the smaller cells, 


as there is difficulty in recognizing the gradual changes in any but thi 
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cells. ‘The type of normal cell, therefore, with which 


nis the large multipolar ganglion cell in which the 
ous sizes are sharply stained, and are arranged in 


ows around the more or less central nucleus. 


he nucleus contains numerous chromatin granules and one or more 
icleoli. ‘The ground substance of the cell body is unstained. Granules 
chromatin ave to be found for a considerable distance along the proto- 
mic processes, and vacuoles may or may not occur. With regard 
the « wrence of vacuoles, Birch-Hirschfeld emphasizes the fact, 
it in his cases vacuolation was confined entirely to the operated 
é n the present series, vacuolation Was never more conspicuous 
the cells of tl perated than in those of the control eve—in 
cases less 
In ecapitu tine, therefore, one finds as the result of optic herve 
tion, tl degei n has set in as early as forty-eight hours, and 
evidenced by 1 bsence of entirely normal ganglion cells. Degenera- 
Val ind s estimated b the complete absence of 
! the progressive Increase 1 the number of 
ul degenerated cells. At a period of thirty-eight 
ecks al we atroph 
assing | bove degeneration of the sensory neurone of thr 
qi . Le comes to a consideration of the fate of the 
perl | lependent neurones of the first order situated in 
ite t Judeing from all authoritative accounts, the 
: f etina ers are intimate relationship With one 
it sirch-H deseribed well-marked changes in_ the 
iclear lave Ut of optic nerve section These changes con- 
ted, in the « f the inner nuclear layer, of reduction in size, 
ecu t it the cell, and condensation of chromatin. The 
s of the out le er showed rounding of cells, reduction in 
; of the terspace tending to obliteration of the “ cross-striping,” 
d loss of of edges cog-wheel markings). 
In tl I s no essential changes in these lavers could be 
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ises pale staining of the inner nuclei, or dense stain- 
th sheht loss of definition might be described, 
lifest in the control with so much frequeney 
ften appears to be due to differences of intensity 
to pathological factors. In facet, one is often able 
slide in the control differences of staining 


in the Opel ite d eve, might be looked upon 
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ined deeply Vhe nucleus practically vanished The outer 
ent lve S| wed inding of its nuct with here and there a hint 
* ¢ross-stripimng \fter eighteen ws the changes had progressed 
ind littl chromophilic substance remained 
, In t foregoing experiments it is not clear whether some of the 
nges described were t due to putrefactis nditions Tm the 
sent series, ler to eliminate as far as ] ble the influence of 
Organist ny int ! ws, method 
cle ed eXtri { fat. A that a 
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tuagnification the other lavers of the retina appeared unchanged 


When compared with the control The external and in 


lavers were intact and separated from one another by. the out ; 


— 


plexiform layer (which was of apparently normal thickness Und 


higher mavnification t eells of the external nuclear laver were se 
to be densely stained and somewhat smaller than normal The “cog 


of the internal nuclear laver showed a reticulur n the form of n , 
’ ss radiating strand ind the deeply staimed central nuek 

and wer n the v e slightly less sl irply defined than ! nt 

Ih nnermost f this entrifugal cells") witl 

lownward passing pi sses Were ewhat dens stan 1 st 

out in strong contrast t t more feebly stained cells in tl res \ 
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rperient fie. ER}; ()x-eve. Forty-eight hours (rool 


emperature Fixation in picro-formol solution. Staining tn toluidin 


1 the autolytic retina the lavers were seen to be well differentiated, 


Nexiform lavers being still recognizable. The lavers of rods and 


es, however, were entirely devoid of palisade structure. The 


\ 
nal nuclei were densely stained, but there was still indication of 
chromatin network cov-wheel *’). Che cells of the internal 
| ) ] nad th latail 
il dee} stammed ind the details ol structure 
mucl re than in the correspondine cells of the control 
i 
in defined, diffusely stained processes, 
. 


I 
ved I tin S scarcel\ 
ut | en by ditfusels 
ned 
|’ I n ! his Spx men was on the whole 
niet ! | } mie! I] t fact hh sh ed that 
l ) iced 1 irvell isl\ litt] 
nve in the gar ells 
> 


} tel 
é 
e ‘ 
| 
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Erperiment [V.—Ox-eve. Autolysis for twenty-four hours at 37> C 
The “enveloped eve was placed in the incubator tor twenty-fou 
hours, after which fixation was carried out (at room temperature) i 
picro-formol solution. ‘The control was left in picro-formol for twenty 
four hours in the incubator, after which it was treated at room tempera 
ture. Staining was by Weigert’s iron-hamatoxyvlin method. In the 
control, by the picro-formol method, the rods and cones are well defined 


The external nuclear laver showed the usual chromatin reticulun 


> 
} 
= 
cog-wher Xe ( 
were well 1, and ssels th t | 
In the autolvtic retina the rod nd cones as such were n ner 
recognizabl The external nuclear laver was v much | < n out 
line, encroaching frequently upon the internal nuclear lave) The ee 


of the former were very deeply stained, and exhibited pract 


We 
ing | ‘dhe 
; 
| 
I 
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letail of structure. They were small and globular, and the * cog-wheel ” 


markine was absent The internal nuclei showed a fair amount of 


structural detail, but were considerably less well preserved than those 


f{ the control. The ganglion cells showed erosion of their inner edges. 
The nuclei were densely stained, and there was a general tendency to 


leposition of fat in the form of tine globules. The cell processes were 


j onspicuous Miiller’s tibres were reduced to the form of granular 


nasses, their nuclei being densely stained and devoid of detail. 
Thus we find in this experiment that subjection to heat has hastened 
the process of autolysis t certain extent The condition of the sup- 
porting structures is as much advanced as is the case in autolysis for 
forty-eight hours at atmosphere temperature (as evinced by the condi- 
‘ tion of Miiller’s fibres), and the degeneration of the nerve-elements 1s 
hkewise much = in lvanc f the condition found in autolysis for 
venty-four hours at tl ower temperature 


tig. 12 ()x-eve Autolvsis for seventy-two hours 


ln telnperatu 

| n M No ntrol preparation. The rods and 

ret il elen hts ere 

| ‘ ! { th 

litt tiated 
itin 


| 
i 
| t ( s fused 
t ] 
| » «cle er Viieh the 
had ] 
| ; ] ] ] 
erl eT l rel Si ! no 
I 
1] 
veneous bod | nelion ere st enizable. and unde) 
q 
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| 

| f fil ture Phi ¢ had 3 ted and 
present in t fibres wer icely visible 
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low magnification appeared to show fairly good preservation, = ‘Th 


were, however, more rounded in outline than normal, the processes 


and were densely stained. Under high power the ganglion cells 
} 


seen to contain numerous fat-globules, the whole cell having a “stippled? 


rm 4 
having almost entirely disappeared. The nuclei were often eccentri | 


appearance. There was oecasional evidence of Nissl granules, but thi 


bodies, when present, were blurred and washed out at the « 


Occasionally a long distorted dendritic process was seen in the degen 


‘e 


a. 


] 
ated ground substance. Here and there one found a well-) 
nucleus showing the typical chromatin network, the cell body of 
was almost absent I.rosion apparently always began on tl 


laces particularly wi demonstrated, the vessel walls apparently pr 
sisting for a considerable time 
In this experiment autolysis had been allowed to go on longer than 


2 
as 
| 
= 
‘ 
| 2S a aspect of the ganglion cel Phe capillary framework was in man 
: 


We find in it that col 
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lapse of the outer lavers 


f the innermost lavers (ganglion and 


ked Deveneration of all the supporting 


bef ( that of the true nerve-« lements, a 
tferentiation between these structures 


m1 the periphery of the cell inwards, the 


! cells Were conspicuous were to be 
had substal much adevenerated 


sta Du 
cy ha CVOSS 
teri vere “ rarefied 


I 
reins wl h 
I s \ ewhat densel 
et \ ! i) ndication of 
1 \ preserved 
T 


ed ¢ i nit ( Wiles Markings 
e netw Ui DIPO ir ce s, were 
ween them enlarged so that the cells often 
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/ esses and body disappearing in many cases when the nucleus 
| ! centra } Lion f the cell were tolerably intact. The cases in 
the pi sses of the 
' ‘ tiv resistant inghon cells showed up with marked 
/ me Rabbit Autolysis for eighteen hours at room 
{ nt. alcoho Stained with toluidin 
1 ne recoenizable, having entirely 
‘ nt \] 's ft es Were prominent 
| 
} t t nuies, es} halls 1 Ul at the periphery ol 
habbit-eve Autolvsis for twenty-fou 
A 
hours at} perature No conti preparation of this experi- 
ment \ <a) tion in 50 per cent. alcol Stained by toluidin 
| es had practy disappea The tibres of 
t} t evo} nts were tilt nvisible, but wer well 
marke | t] t] nerve-hibre lave The externa nucle! 
showed slight cross-striping Phe external plexiform 
tin 
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ppeared devoid of contents. The ganglion cells were much eroded at 

the edges and were rarefied. Their nuclei were generally fairly well 
( preserved, but the cell bodies were fragmentary. Niss! granules were 
most complete vy absent. 


Experiment IX (tig. 15).—Rabbit-eve.  Autolysis for forty-five 


urs at room temperature. Fixation in 50 per cent. alcohol. Stained 


lapsed as a whole, and the portion available for 


xamination was considerably reduced. The differentiation into lavers 


shi wed Cross- 


triping, but there was no * cog-wheel”’ to indicate the network of 
hromatin Miiller’s fibres were still more or less existent There was 
i general tendeney to diffuse staining in the cellular elements. The 
mber of 1 iizable ganglion cells was small, their nuclei often being 


| that was left to mark their existence, and the cell body, if present, 


} being much vacuolated The processes were almost non-existent. The 
nerve-fibre iver Was on the whole well preserved wine to the 
vreater delica if the retina of the rabbit, the autolvtic tissues were 
verv liable to injury from histological manipulation. The finer gradations - 
het n fresh condition and the more pronounced stages of autolysis 


X (6 16 hitten-eve. Autolysis for forty-eight 
| hours at room temperature. Fixation in 50 per cent. alcohol Stained 
toluidin blu ind by hremalum and eosin This animal had been 


btained about an 


i! ittel! t! 
n the control we found that the rods and cones showed a slight . 


sion of iter extremities he nucle of the external nuclear 
iver Wel rranged in many tiers (from four to si the nuclei being 
elongated and rather densely stained The chromatin network was 
ver\ We femonstrated ‘*coo-wheel” and cross-str ping The 


nternal 1 vel full of chromatin arranged in a fine network. 
The van n cells showed discrete well-stained Nissl granules arranged 
’ n concentric lines around the nucleus. The nucleolus was small and 
deeply stained The processes of the ganglion cells were often very 


mspicuous Tl blood capillaries were seen passing along the inner 


border of the outer plexiform layer, their endothelial nuclei being 


} 1.) 
n toluidin blue 
The retina had 
vere not demonstrable As compared with the ox-eve, one observed i 
that in the rabbit the fibres of Miller were more resistant, and the | 
vanvlion cells slightly less resistant. ; 
| unvesthetized for several hours and the eves were 
‘ 
x 
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sometimes difficult to distinguish from those of the horizontal cell 
of the internal nuclear laver. 


In the autolytic retina there was considerable collapse of all the 


elements. The rods and cones were no longer visible. The nuclei ot 


the external nuclear laver were represented by small, circular, densely 


} 


stained masses of chromatin with almost comple te loss of detail Th 


nuclei of the internal nuclear laver were devoid of cell body and showed 
only slight evidence of a chromatin nuclear network. The nuclei of 


Miiller’s fibres were often densely stained, The eanell n cells had 


ee 
& & 
- 


Tol ] 
ul 
as a rule, rounded outer margins and eroded inner margins. Thi 
protoplasm of the ceil body had a stippled appearance Niss 
granules, when present, were blurred in outline. The nuclei of thi 
ganglion cells often appeared practically normal, except for som 


wrinkling of the nuclear membrane. There was not much vacuolat 
in any of the cells. Certain cells appeared almost normal except fo 


slight loss in sharpness of detail. 


a 
a 
| 
=, | 
| 
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Pe: 
Fig. 16.-—Kitten- \utolysis forty-eight 1 rool 
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Experiment XI.—\Witten-eye.  Autolysis for ninety hours at room 
temperature. Fixation in 50 per cent. alcohol. Stained in toluidin 
blue, and hemalum and eosin. (This animal had been the subject 
{ a prolonged metabolic experiment.) 

Control.—Hamalum and eosin. The rods and cones were somewhat 
lisorganized, and the external nuclei were densely stained, showing 
little internal detail, although a cross-striping was present. 

The internal nuclei showed fair chromatin network in the hemalum 
ind eosin specimens. ‘The ganglion cells showed yacuolation (fat- 
vlobules ?) in many of the cells, even where there were typical appear- 
iunces of Nissl granules and absence of diffuse staining. The edges 
f the ce lls, howeve r, were oiten rageved and the processes were short. 
The small type of ganglion cell with eccentric nucleus and scanty 


protoplasm generally showed well-stained Nissl granules, although there 
was often a ‘* washed-out ” appearance of the chromatin which indicated 
that the cells were in a more or less abnormal condition. 


In the autolytic eye the appearances were very different. The rods 


and cones were invisible as such, and the various layers of the retina 
id become fused. The external and internal nuclei under low power 
ew were not to be distinguished from one another, both being 
epresented — by small, shrunken, densely stained spheres Higher 
macnification did not reveal any differentiation of the chromatin into 
network. No Miiller’s fibres were to be found, and the nuclei of 
these fibres were indistinguishable from the others of the internal 
nuclear laver. The ganglion cells were much reduced in number. 
When present they were seen as large, somewhat spherical, isolated 


ells, having a very finely granular, densely stained nucleus. The 
processes had disappeared In some cells the inner margin had 
eroded (as in the ox-eve). Fat-globules occurred frequently, and Nissl 
ranules were generally absent. The nearest approach to the normal 
consisted in a very finely granular condition of the cell protoplasm, 
vith faintly outlined dendritic processes. 

The preservation in this retina was on the whole much the same 
is that of the ox-eve for the same period of autolysis (ixperiment VI). 

Earperiment NIT (fig. 17)—Dog-eve. Autolysis for forty-six hours 
at room temperature. Fixation in 50 per cent alcohol. Stained by 
toluidin blue, thionin, and hemalum and eosin. 

Control.—The preparations stained by thionin showed fairly well 
defined Niss! granules, but thcre was slightly more staining of the 


sround substance than was the case in toluidin blue. In the latter the 
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granules stood out sharply defined against the colourless background 
The protoplasmic processes of the ganglion cells were well differentiate 
in all the preparations. The nucleus was somewhat more dense! 
stained by thionin than by toluidin blue. Vacuolation was, as a rul 
absent. The blood capillaries were conspicuous as they crossed thy 
internal nuclear laver to reach the external nuclear layer. 

In the autolytic eve the rods and cones had become complete! 
granular and unrecognizable as a palisade structure. ‘The nuclear lave: 
had become almost fused, the outer plexiform layer being great! 


reduced in breadth. The external nuclei were densely stained ai 


o% 


) 
I 17.—D \u f x] (r t per 
(a) A Fixa per I 
Showing degenerated cells of the ter and inner nuclear lave The vers are 
separated from each other thie ter plexiform laver The large ul 
hows erosion of tk mi ind use stalt f the pr | Gra sti 
till recognizabl 
iv) ¢ { Not i tv} ing é t Nissl gra 
nucleus, and up-¢ I Ss rhe cells of tl und i ! ir layers a 


ll differentiated, 


exhibited practically no structural detail (no cog-wheel or cross- 
striping“). The *‘ centrifugal” cells of the internal nuclear layer wer 
fairly well preserved and showed considerable nuclear detail. ©The 
‘horizontal’ cells also were to be recognized. The ganglion cells 


showed erosion of the edges of the largest cells. The differentiation 
of the chromatin into granules was lost, the ground substance being 


| 
> 
> 
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diffusely stained. The nuclei were often diffusely stained and lacking 


in detail. There was vacuolation, especially in the medium-sized cells. 


The cell processes were sometimes well preserved and stood out against 
the degenerated supporting elements 

On the whole, however, the ganglion cells in this specimen were 
well preserved, in many the presence of fairly typical Nissl granules 


being demonstrable KMrosion of the cells apparently began on the 


] 


nner aspect, /.¢., at the side towards the axis-cylinder, although the 


nerve-fibres themselves were comparatively resistant. It was the 
epithelial-like elements of the retina (rods and cones) which perished 
early, the more strictly nervous structures (nerve-fibres, ganevlion cells) 
being preserved for a considerable time, The delicate terminals, 
however, of the external plexiform laver early succumbed, allowing of 

The principal points to be noted in these experiments are erosion 

the margin of the ganglion cell with diffuse staining of the proto- 
plasin, absence of definite Niss!l granules and degenerative changes in 
the nucl Shrivelling of the cells took place, and was probably the 
iltimate fate of all the cells, but one was struck with the absence of 
marked shrinking of the cells, when compared with the results of 
Birch-Hirschfeld and others, whose experiments were concerned fre- 
quently with a shorter period of post-mortem degeneration 


It is evident from the foregoing description that the appearances in 
the retina which are associated with post-mortem changes are very 
different from those which occur as the result of operation during life. 
We have seen that the ganglion cells which, in the case of section of 
their axons, readily tend to degenerate, are comparatively resistant to 
st-mortem changes, cells whicl show tolerabl pre servation 
being found at a period of ninety hours after death (in the case of the 
ox-eye), forty-six hours (in the case of the dog), and forty-five hours 
in the case of the rabbit). In the outer layers, however, we find 
degeneration setting in with considerable rapidity in the direction of from 
without inwards. The rods and cones are the first of all the elements to 
degenerate, disappearing in the case of the ox before sixteen hours, and 
in the rabbit before eighteen hours, but in the dog only partially at 
forty-six hours. The nuclei of the rods and cones begin to show 
degenerative changes about the same time, and the nuclei of the 


inner nuclear laver somewhat later. 


ii Discussi of Results 
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In the experiments described, the shorter periods given for each 
animal are those at or about which the first definite changes were made 
out. or example, in the case of the ox, where the changes for sixteen 
hours are defined, it is to be understood that changes may occur at a 
period less than that, but they are so slight and show so little pro- 
vression that one has not placed undue importance on their recurrence. 
The lapse of several hours seemed to produce little effect on the cells 
when the eye was sealed from the atmosphere, and one’s object was not 
so much to set a time limit upon the onset of changes as to investigate 
their sequence in the various layers. In the case of the rabbit retina 
it is true that chanves set in before eighteen hours, but they are not 
pronounced, and one selected the pr riods at which definite changes are 
to be observed. 

In the series described by Birch-Hirschfeld, changes are met with 
in all the elements as early as two hours after death, ending in com- 


plete destruction at eighteen hours. The difference between such results 


and those of the present series in which well-preserved ganglion cells 
are met with at a period of forty-five hours probabl iccounted 
for by the fact that in the former case putrefaction was not ex- 
cluded as a causal factor, whereas in the latter the possibility 


of its occurrence was reduced to a minimum. 


|? II] CONCLUSIONS 
(1) The range of variability amongst the so-called normal ganglion 
cells of the retina is considerable, and the differences are ereat as 
to lead to the conclusion that the features described under the term 


chromatolysis are not necessarily pathological. 

(2) The smaller ganglion cells of the retina seem to be specially 
liable to changes, and atypical cells are prevalent in the control experi- 
ments. They are to be discarded in the present investigation. The 
large multipolar cell, which in the healthy retina is of most fre juent 
occurrence, appears recognizable as a type. This cell contains a central 
nucleus with one or more nucleoli, and shows, when treated bv the 
alcohol-toluidin blue method, sharply defined Nissl granules of different 
sizes arranged more or less concentrically around the nucleus, the ground 
substance being quite colourless. Departure from this type to any 
marked extent may be taken to indicate abnormal changes 


(3) It is the absence of truly normal cells in any retina, rather than 


the occurrence otf isolated abnormal cells that indicates a pathological 
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condition When the number of normal cells is xi/, and that of 
abnormal cells is excessive, degeneration is fairly established. 

(4) The gradual sequence of chromolytic change (swelling of the 
cell body, eccentric position of the nucleus, diffuse staining of the proto- 
plasm, vacuolation, &c.) is not demonstrated by the retinal ganglion 
cells ne is not always ible to demonstrate the changes between the 


irst trace of degeneration in a cell (loss of definition in the Nissl 


vranule), and complete atrophy. Almost normal cells may be found side 
by side with others in which there is diffuse staining of the protoplasm 
nd nucleus, or others in which the cell is pale and contains small dust- 
ke particles. Degeneration of any cell is indicated by the early loss of 


definition in| Niss! granules and by the final or atrophic stage of the 
cell-process Vacuolation is met with in the control with at least as 
much frequency as in the operated eve and probably does not represent 
the existence of a pathological condition during life 


\s a result of section of the optic nerve, the tibres of which con- 


titute the axons of the ganglion cells of the retina, degeneration of the 
anglion cells sets in as « ily as forty-eight hours after operation. De- 
veneration advances with the lapse of time, is pronounced at three weeks, 


and is complete at thirty-eight weeks, where all the cells are atrophic 


central sensory neurones of the retina, and 


— 


re seen thus to perish upon section of their central processes. 
fs) ’ractically no change takes place in the cells of the outer and 


inner nuclear layers, ¢.¢., In the more peripherally situated neurones 


existing in col vult with the gan on cells The V are therefore seen 
to remain unchanged when their connexion with the central neurones 
is severed. As peripheral neurones they are thus seen to have an 


independent ISstence 
(7) The fact that these peripheral retinal neurones have no special 


} 


f resistance is illustrated by the series of autolvtic experiments 


powe 


in which deveneration was seen to occur in the reverse order from that 


of the optic nerve section experiments. The layer of rods and cones 
with their nuclei degenerate first, the inner nuclei being next to perish, 
the ganglion cells being comparatively resistant. 

In conclusion, I wish to record mv sense ol creat indebtednesss to 
Professor D. Noél Paton, under whose constant supervision this work 
has been carried out; also to Dr. G. Herbert Clark of this Laboratory 
for assistance in the operations 

The photomicrographs were taken by Mr. Richard Muir, Edinburgh 


The camera lucida drawings are my own work. 
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PLATE I 
I II Forty-eight hours after sect f tl ptic nerve 
Ll) Oper B Dra ( Gangli elected f ent 
f is tos y tl rva Not liffuse s nn in m f the « l | 
> 1(2 
(2) ¢ Draw ( ) rent ty} f which 
ir} tiled ** nornia il; (0%) Is rarefied or gl > | 
I im \ Four days after n the optic nerve 
(3) Operat I B. Drawing (c.1.), 0.1 . Showing ganglion ce ft nt 
Most I the ure mall and I y. chromatin granu e dust-like 
N te nor cells appear ( pare control) 
(4) ¢ t Drawit (c.l.), 0.1. Gan n cells from different tields. (a) 
rmal with tr ! is and peripherally situated granules 
Vil Right da ufter section of the optic nervy 
(5) Operate l B. Drawing (c.1.), Ganglion cells selected f 1 different 
field Note pale stain i du ike cond n of the Nissi granul 
(6) ¢ ty n (5) ga 1 ¢ s from different fields illustrating various type f cell 
f whi tre pot ** normal, Yormal celfs are frequent in the sections, howe, 
experi IN rhree weeks after section the optic nerve 
(7) Operat Fixat pe cent. alcohol Pol. B Drawit (c.l.), O... + 
Showing i a sely stall 1 ganglion cell rh lar r cells seen to tl leit show a 
dust-like condit of the chromatin i 
(8) Control as in (7). Showing sharply defined Nissl granules in the ganglion cells 
(9) Operated, Fixation in HgCl,. Tol. B. Drawing (c.1.), 0.1. ;!5. Ganglion cells from 
fferent tields, The cells are smaller than in control and have greater tendency to diffuse 
stain N normal *’ cells are to be found 
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506 ASES 
the controls, 
rmol saline. Tol. B. Drawing (c.1.), 
= tining. Vacuoles are frequent. The cel 
Me oe ion cells showing large Nissl granules. Vacuoles are mm 
with, 
ie aa a Six weeks after section of the optic nerve 
(13) Operated, Tol. B. Drawing (c.1.), 0.1. Note the much diminished ganglion 
mY cells as compared with control Staining is diffuse or there is a dust-like condition of 
the granules represents the irest approach to a ** normal" cell 
a “a (14) Cont is in (13) Note large typical ganglion cells (a) and (4), with atvpieal fe Ss 
I rm 
ees ae Experiment NI lifteen weeks after section of the optic nerve 
(15) Cyn ted Fixation in formol saline Tol. B Drawing (c.1.), i Showing 
ganglion ct diminished in size Ditfuse intense staining is the rule Phere is no 
oT vacuolation Pericellular spaces not enlarged. No normal cells are to be found 
Bian se (16) Contro/ as in (15 Gangh cells from different field Note vacuolation in (a), 
enlarged px ellular space in ( 
(17) Ope Fixation in 50 per ce. Tol. B Drawing (c.1.), 0.i 
( from ferent field Not | t 
cell eren elds ‘ is ol cells, a is ain and absence 
of vacuolitt Pericellular spaces t illv seen 
(18) ¢ sin (17 Show not gar lls (ve), th others (+) les 
typical. 
ty! 
ae (19) Oper Fixation in HgCl I B. Drawing (c.1.), « Showing differentia- 
Ref ad tion even less well marked than in (17) 
(20) ¢ sin (19). Differentiat Ss pror need than in (19 
a . S Experiment NII Sixteen and a half weeks after sect of the optic nerve. 
(21) Operat Tol. B Drawing ) Ganglion ells ih diminished in 
Mea, cc ; sine The chromatin, when granular, lightly stained and is in the f 1 of tine dust-like 
a particles Usually, however, there i condition of dense diffuse stainn f the protoplasm. 
PLATE 
Wat (22) ( is in (21). Gar n cells s vy large well-detined Nissl granules. A few 
rarefied cells mav be seen (¢). 
Experiment Miirty-eight weeks after section of the optic nerve. 
(23) Operated Fixation in HgCl Drawing (c.1.), Ganglio 
from differen heids Not tl mall size ind » of well-detined Niss] 
Chere is wrinkln oft the nuclear Membrane per ilar spaces are not roe 
ee (24) ¢ re ts In (23) Shows various tvpes of ganglion cell, 
‘ me : staining. Note presence of large cells with well-defined Nissl 
in (23) 
(25) Operated. Fixation in formol saline. Tol. B. Drawing (e.1.), 0.1 
cea re lias the condition of atrophy in the ganglion cells, Note shrunken ceils and lack of 
SEP Pericellular spaces not enlarged Diffuse staining i lent inal 
wing indicated. 
is In (Zo Ganglion cells from different fields, showing la 
vacuoles and conspicuous pericellular spaces. 
There is occasionally | 
wre asionally ion 
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(28) Autolytic eye. Tol. B. Drawing (c.1.), 0.i, |. Ganglion cells selected from different 
fields. The smaller cells show rather diffuse staining. the larger cells are somewhat 
ghost-like. 

(29) Same as (25). 

(30) Control. Tol. B. Drawing (c.1), 0.i. ;';. Showing different type s of normal cells 
(a) rarefied cell with eccentric nucleus; (+) cell containing discrete Nissl granules and 


eccentric nucleus: (c) cell which is profusely vacuolated ; 


Ox-eve Autolysis ninety-hours (room temperature) 
(31) Autolytic ex lol. B, Drawing (c.1.), 0.1. ,! Ganglion cells from different 
Staining is somewhat diffuse and often intense. The cell margins are eroded, Protop! 
processes generally wanting rhere is still indication of granular structure. 
Kitte eye Autolysis forty-eight hours (room temperature) 
(32) Aut tic eye. Fixat n 50 per cent. alcohol Drawing (c.1.), 0.1. Gang 


cells from different tields, Not 
to be diffuse. 
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(d) small cell diffuse ly stained, 


fields. 


isn 


(33) Conti (32), gitt s from different ficlds typical cell 
(6) rarefied or ghost-like cell; (¢c) cel! with tendency to diffuse staining of the protaplasm 
l) eve \utolvsis forty-six ] rs (1 n temperatu 

(34) Ar lol. B. Drawing (c.1.), 0.1, jy. Ganglion cells from different fields 

In (a) there is profus l N the cell-margins are eroded ; cell with well 
defined process; (c) a ) howing tendency to diffusenes stain. 

(35) Control of (34). Ganglion cells from different field (a) typi cell with well 

well-marked process; (4) somewhat rarefic 


nules, central nucleus, and 


defined Nissl 


cell, with eroded mar 
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lion 
stain tends 
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TOXIC DEGENERATION OF LOWER MOTOR NEURONE 
CELLS COMMENCING DURING INTRA-UTERINE LIFE 
IN AN INFANT DYING AT 23 MONTHS. 


BY E. FARQUHAR BUZZARD, M.D., F.R.C.P. 


Out-patient Physician to St. T) s’s Hospital and to the National Hospital, Queen S 


THE following case is worthy of being placed on record, because it 
is a rare example of atrophic paralysis noticed in a child at birth, and 


contributing to its early death at the age of 25 months. 


C. DD. Was born on Septen bel 30), 1909, Delivery took place 
and was normal in every respect. The father and mother were said to be 


healthy and the patient was the last of eleven children, the eldest of who 
was 17 years ol age. There had been one Iniscarriage In COnNNeNIO! 

first pregnancy, the second child was premature and only lived 
another child died in convulsions at 9 weeks; in other respects the childr 
were healthy. The mother stated that this child had never moved her legs 
since birth and that she had not moved her arms since she was three days old 
She had never been able to move her head. 

On November 26 the mother noticed the child was very 
chest and arms and took her to Guy's Hospital, where she continued to attend 
“us an out-patient until December ha. The child had never been able to e igh) 
or to cry. 

On December 17 the child was admitted to the Belgrave Hospit 1 tor 
Children under my care and I saw her at 9.45 p.m. She was pale and cold, 
with feeble pulse and subnormal temperature. She was fairly well nourished 
and had taken food satisfactorily until two days before admission The bowels 
had acted naturally. 

On examination | found her breathing rapidly, about 60 times a minute, 
and her pulse going at the rate of 150 beats per minute. The respiration was 
being carried on entirely by the diaphragm, which appeared to be acting 
vigorously. There was no sign of any intercostal movement, in fact the costal 
cartilages were drawn in on both sides of the sternum, from the first down- 
wards, with the result that there was a remarkable degree ol pigeon-breast 
The accessory muscles of respiration were not employed, and there was slight 


recession of the intercostal spaces. The most striking feature in the child's 


appearance was the general flabbiness and lack of “ back-bone.”” The tace was 
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expressionless, the mouth hung open and the head fell loosely 
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in response to 
With 
and the extensors and flexors of the fingers, 
arms appeared to be completely paralysed. 
occasional 


gravity without any attempt at support on the part of the neck muscles. 


the exception ol the diaphragm 
all the muscles of the trunk and 
The fingers were sustained in the claw position and there were 
the fingers, generally in the direction of flexion. 

The stimula- 


spontaneous movements ol 
The legs were also flaccid and never moved spontaneously. 
of the feet gave rise to faint flexion of the ankles and of 


tion of the soles 


he knees. The eye movements appeared normal and I have no doubt that she 


Fic, 1 This photograph gives a general view of the hypoglossal nucleus and shows the 
scarcity of normal ls of good size and shape, as well as one or two which are undergoing 
hromatolysis 


Swallowing was performed naturally but slowly. It was 


hoth saw and heard. 
to pain or touch. The 


to form any opinion about her sensibility 
obtained. No tendon-jerks were elicited and 
percussion. The lungs 


impossible 
abdominal reflexes were not 
| could obtain no contraction of any muscles on direct 
were resonant all over, but scattered rales could be heard in many places. 
Examination of the heart revealed no definite disease. 

The child died radii at 10.30 p.m. 


Post-mortem, sixteen hours after death: Rigor mortis of a kind was 
whole of the soft tissues seemed to consist of 


present, that is to say, the 
moulded by the fingers and which 


a thick putty which could be easily 

bore the mark of every pressure. 
Dense pale subcutaneous fat was 

muscles were generally small but natural in colour. 


abundant everywhere. The 


\ 
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cranial nerves, i.e., seventh, tenth, eleventh and twelfth, looked small 
and fragile and were difficult to detect. The posterior roots and the 
third, fifth, sixth, and eighth nerves appeared to be of normal size and 
well myelinated compared to the others. 

There was a large thymus reaching down to the diaphragm on the 
right side and nearly as far on the left, and attached above to the 
vessels behind the top of the sternum. It was natural in appearance. 
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Fig, 2.—Cells of the hypoglossal nucleus, two of which are fairly healthy but p 
differentiated. Two others are of the ** ghost ’’ variety. 


The thyroid gland looked natural. Below the thyroid on either sid 


of the trachea were two or three large glands (? parathyroids). There 
— were no signs of pressure on the trachea anywhere. The lungs were 
covered with petechial hemorrhages and there was bronchitis and some 
basal congestion. Heart normal. Liver and spleen and kidneys normal. 
Well-developed suprarenals. Mesenteric glands large but not obviously 
diseased. Lymphatic elements in intestinal wall not conspicuous. 

The nerves were natural in appearance. Portions of the ulnar, 
radial, median and sciatic were kept. Muscles were taken from the 


The brain and spinal cord were natural in appearance at first sight. 
On closer examination the anterior roots of the cord and the lower 
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neck, back and front, diaphragm, front of forearm and _ hamstring 


MicroscopiIcaL EXAMINATION, 


Central nervous system, -Parts of the cerebral cortex, mesen- 
cephalon, medulla and spinal cord were examined by the Nissl method, 
the Weigert-Pal method, by the Marchi method, and by the Van Gieson 


tain. 
The cerebral cortex showed nothing abnormal. Sections through 


the oculo-motor nuclei were also free from obvious changes. Sections 


ay 


My \ f t cer ult N he paucity of « l their poor 
through the medulla showed marked changes in the cells of the hypo- 
elossal nucleus. The number of cells was diminished and few of the 

cells which remained could be regarded as healthy. The majority were 


small and appeared to be generally atrophic; others presented swelling 


and marked chromatolysis. In the spinal cord the anterior grey matter 
at all levels showed similar changes in regard to the ganglion cells. 


The deficiency in number and the poor size and irregular shape of the 


survivors were noticeable everywhere. There were no signs of reaction 


| region. 
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or inflammation in any part of the cord or brain-stem, and the vessels 
appeared to be perfectly healthy. Sections of the spinal cord stained 
by the Marchi method showed a few scattered degenerated fibres in th« 
posterior columns at all levels, but no sign of degeneration in any other 
parts. In the Weigert-Pal sections the appearances were normal when 
the age of the child is taken into consideration. 

Peripheral nerves — The ulnar, radial, median and sciatic nerves 
were examined. By the Weigert-Pal method they appeared to be well 
mvelinated. No interstitial changes were to be seen in sections stained 
by ordinary methods. By the Marchi method a very small number of 


Fic, 4..—Transverse section of flexor muscle of forearm, Five bundles show a prey 


nee of fair-sized fibres; all the other bundles contain minute fibres, 


tibres showed slight evidence of changes in the myelin sheaths, but 
these were insignificant as compared to the marked changes found in 
the anterior horn cells and in the muscles. 

Skeletal muscles.—All the muscles examined showed similar changes 
varving in intensity. Both in transverse and longitudinal sections great 
ditferences could be seen in the condition of various bundles of fibres. 
Some appeared to be normal in size and in other respects; others 
showed varying degrees of simple atrophy, or, What might be another 
interpretation, of imperfect development. It was characteristic of these 
muscles that individual bundles were affected rather than individual 
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is will be seen in the accompanying photographs. There was no 
and the muscle-spindles presented 


lence of any interstitial change 
ealthy appearance. 
Microscopic examination of the heart, liver, spleen, 


Other organs, 
elands revealed no signs olf 


thvimus gland and mesenteric 


A consideration ol the clinical history and patholog 
there must have been 


ical examination 


leads to the conclusion that 
later period of intra-uterine 


atfected chic fly the 


this unusual case 
ine toxic influence at work during the 


It is justifiable to suppose that the poison 


tor nuclei of the meduila and spinal cord, and = so indirectly caused 


a 
Fy Longitudinal s 1 from tl un 1 


neration ol the muscle-fibres throughout the body, or interfered 


with their natural development. It is 
ll atrophic cells of the anterior horns and hypoglossal nuclei represent 


tempting to suggest that the 


Stn 
those which failed to develop, while the swollen ** chost cells” repre- 
sent the few which reached maturity, only to fall victims to the circu- 
lating toxin. Such a theory might help to explain the relative paucity 


f fibres in the peripheral nerves, which were shown to be undereoine 
rgoing 


degenerative changes 
It is difficult to 
mary morbid process in view of the changes found afte: 


p 


believe that any myopathic disease could be the 
death. 
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PATHOLOGICAL EXAMINATION OF THE FRESHLY FINI 
EYES FROM A CASK OF AMAUROTIC FAMILY IDIOC)Y 


BY W. ILBERT HANCOCK, F.R.C.S 


GEORGE COATS, F.R.C.S 


tant Surgeon, I, Ophtha Hospital ; Oplitl Sw H 
en, Grreat Ori Street; O ti i S ts, Great Nortle 


Central Hospital. 


Ix a case of amaurotic famuly idiocy recently reported in Bra 
(J. F. Poynton, J. H. Parsons, and G. Holmes |6)|) the pathological 
examination of the eves was admittedly incomplete, as they we 
only obtained thirty hours after death, and had sutfered much from 
post-mortem change. The following case, in which the eves were 
excised immediately after death and in which fixation left nothing 


to be desired, may serve to supply some missing details. Kor the 


notes of the patient’s condition during her residence in hospital, and 
for the trouble taken to obtain the eyes, we are deeply indebted to 
Mr. Hildred Carlyll, Resident Medical Officer to the East London 
Hospital for Children. 


CLINICAL NOTES. 


The patient, Jennv M.. was the ehild of Russian Jews who were not 
related. She was the youngest of five child 
died in infancy, not of this disease the second is now & years old and well 
the fourth was an amaurotic idiot, and died 
Children. This case was reported by Dr. F. W 


brought to the 


The present patient en 
old, and again two months later. because tl t Sire is mm 
observant. At the second visit the fundi w e typi il 


picture of amaurotic family idiocy, with partia 


was a full-time child: she was breast-fed fon 


vears of age was admitted as an in-patient. 


On admission her weight was 1 st. 6 lb. She was fairly well nourished, ate 
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slept well, and cried less than other children. Heart and lungs normal 


COnVI ilsions. L, iM bs Spastic The eves were kept open, but she took no 
external objects the pupils were dilated, but reneted sluggishly to 
hight No hnvstag us Ol strabismus 


four or five months nasal feeding was employed, but the child gradually 


downhill and heent * nore stuporose The limbs were more spastic, the 
el icted, and she l; Vous she was placed Without offering to move. The 
s were pronated, the Wrists flexed, the thumbs mueh addueted, and 
und owas present Knee joints flexed very creat drop loot Sores 
lly developed t the site of contractures: and at death were present 
extreme deg s s also the muscular wastin Extensor planta 


side Chie optic atrophy became complete. Latterly several 


sof bronehitis oe urred, with but for the ereater part tempera 
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| 1] t trial ] ] t 
Which proves excellent he stucts ot the nueleotus oO thre 

] ] 
changes In the na protoplasn (ile Sis st Vis iso used 


Probably owing to the methods of fixat Biels« kv s met dal 
yield untisfactory staining. By far the hest results were obtained | 
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substance takes on a light greenish tinge which is quite fore ntothe normal 
in hwematoxylin-eosin specimens it is slightly bluisl These homogeneous 
increase at the expense of the normal cytoplasm, and finally may replace 
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to depression. This is a most interesting study, and deserves attention 


ill those interested in the developme nts we owe to Kara pe lin ana | is Scho )| 


Tert-book of Nervous Diseases for Physi tans and Students. 
Professor OprENHEIM, of Berlin. Fifth enlarged and improy 
edition, with 432 illustrations in the text, and 8 plates. Author 
translation by ALEXANDER Bruce, M.D. F.R.C.P.E., Physi 
to the Royal Infirmary, Mdinburgh Vols. 1 and 2 Pp. LA 
Kdinburgh: Otto Schultze, 1911 


Oppenheim'’s text-bool t is well printed. and seful t ull oe 


Vi ntally Dy ficient ¢ hildren. ther Treatment a / Ga 


SHUTTLEWORTH, M.D., 


Pp. 256 London: Lewis. 1910 


The Brain and the Votee in Sper h and Song By FF. W. Me , M.D 
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